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BINOCULAR BRIGHTNESS AVERAGING AND 
CONTOUR INFORMATION 


By W. J. M. LEVELT 
Institute for Perception RVO-T NO, Soesterberg, The Netherlands 


Binocular brightness averaging has been investigated under two conditions: with identical 
contour information in both eyes and with different contour information. 

Equibrightness curves are presented for the simple case, in which right and left test fields are 
identical in pattern but different in luminance. These curves are for the most part linear; i.e. 
if the weighted sum of left and right luminance is constant, the same binocular brightness 
impression is produced. The sum of the weighting co-efficients is unity (law of complementary 
shares). In the absence of eye dominance, the weights are equal; otherwise a correction for eye 
dominance must be made. 

If monocular contour information is present in one test field, brightness averaging remains 
linear, but the weight for that eye increases at the cost of the weight for the other eye. In a 
region close to & monocular contour (within 1° of visual angle), the weight approaches unity, so 
that binocular brightness in this region is dependent upon the luminance in one eye only. 

A suggested explanation of Fechner’s paradox is given, and the implications of the approach 
for the mechanism of binocular rivalry are considered. 


The present paper describes a number of experiments on binocular brightness 
averaging, and on the influence of contour information in one eye upon binocular 
brightness interaction. 


T n ically the disk 41 seems considerably brighter than C, while B and C do not 
Bige BEBRGGBCOICE 4 appear very different in brightness. 


Fig. 1 illustrates binocular brightness interaction. If one looks stereoscopieally at 
the three disks 4, B and C in Fig. 1, and compares the brightness of these disks, most 
people have the impression that A is considerably brighter than C. For the centre of 
the disks, however, the stimulation of the eyes is identical for A and for C; the 
brightness impressions are nevertheless different because of the contour in the left 
field of A. On the other hand, most observers do not see à difference in brightness 
between B and C, notwithstanding the fact that the stimulus-object on the left is 
darker for B than for C, It thus appears that different stimulation of the eyes may 
result in nearly equal impressions of brightness, when there are differences in contours. 

The literature on binocular brightness interaction is of two main kinds. In studies 
of one kind, brightness interaction has been investigated as related to absolute 

i Gen. Psych. 56, 1 
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thresholds of vision: the question then is whether the absolute threshold in one eye Is 
dependent upon stimulation of the other eye on a corresponding area. Generally, no 
interaction of this sort has been reported. or only a very slight one (Graham, 1930, 
1931: Crawford, 1940: Pirenne, 1943: Galifret, 1954). 3ouman (1955), in his summary 
of the evidence, arrived at the same conclusion. 
ofthreshold foroneeye within a short. time (about ( 
of the other eye. 

Studies of the second type have 


‘oo larce rise 
but showed that there is a large ovi 
4 sec.) after the onset of stimulation 


been concerned with brightness averaging. pes 
the apparent binocular brightness when the left and the right eye are exposed to 
different luminances (Panum, 1858: Fechner, 1861: Aubert, 1865; Hering, 1865: 
Sherrington, 1908: De Silva & Bartley, 1930: Graham, 1931: Fry & Bartley, 1933; 
Ivanoff, 1947; Fiorentini & Radici, 1961; Treisman, 1962), Two phenomena a 
brightness interaction which at first sight are contradictory emerge from ee 
studies. First, there is “Fechner’s paradox’: an object of some luminance is observed 
binocularly but with a neutral filter in front of one of the eyes. If this eye is mer 
closed, the brightness of the object seems to increase, although the total amount a 
stimulation is decreased. The second phenomenon is called brightness summation 
unequal stimulation of the two eyes produces a binocular brightness which is end 
mediate between the monocular impressions, A better description of this pheno 
menon seems to be brightness averaging. The term summation has come into u95^ 


" MUR 9 : " i ess 
because the increase of luminance in one eye raises the binocular brightn 
impression. : 


Brightness averaging has been studied r 


ny bY 
" s ather extensively in the past century 
anum (1858), Fechner (1861), Aube , 


ington 
s rt (1865), Hering (1865) and others. Sherring 

[ » Silv : En i =a ring 
(1908) and De Silva & Bartley (1930) have reported systematic measurements during 


nm pres Studies have been confined to demonstrations (Fry & Hester 
: e "e -— Ths most extensive measurements are those by Aubert pa Jar 
ano his procedure may be criticized since he compared ae 
oe - Phonan Ons, the luminanee of which had to be adjusted by ie 
"Y liem. nes on labels Given the Fechner paradox, it would be con 
This is what Savin lene w v compared with a binocular comparison seme ess 
of five luminance pais oly) quo PH, bath d measured the binoanlar pde 
‘ is er, Sherrington had the test field for one $ 
Inance for the other eye varied, and the observer had to V 
luminance for both eyes. As a consequence tt 
rve, i.c. different pairs of left and - 
to a comparison field with gooie 
Bartley’s ¢ 5 eyes. The same applies to De Silva 4 

Uey's m Pe ed the right field at a ee value, and used pe 
ration from Pie " test field. Their comparison field usually had a ee 

duces ge ation fro est field which was presented simultaneously. This int " 
atching behaviour, In the present investigatio g 
es have been determined with a new matchi”? 
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| EXPERIMENT I 
Binocular brightness averaging 
A sensible way of collecting data for equibrightness curves is to have the observer 
adjust a binocular test field in which the luminance for one eye is fixed by the 
experimenter, and that for the other eye adjusted by the observer until it produces 
the same brightness impression as a binocular comparison field with equal luminances 
for both eyes. A further requirement is that comparison and test fields are projected 


on corresponding retinal areas, which is the case when both stimuli are centrally 
fixated. 


An] lz} dp | l ; 
Ø , 1 


Rg| Ri Rn 


li 


s 
Vr 


Fig. 2. Arrangement of the apparatus (see text, Expt. I). 


Method 
Apparatus 

The apparatus is schematically represented in Fig. 2. The light sources for the test field are 
two 150 W. Prado projectors P, and Pp, the current supply of which can be regulated by two 
variacs Ry and Rp. They throw light on the diffusing screens DS; and DSR in front of which 
masks can be mounted with holes of the proper size. The projector Py is used for the comparison 
field where equal luminance for both screens is needed. This is achieved by splitting the light 
beam from Pg by means of a prism and two surface mirrors. Alternation of test field and com- 


1-2 
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: closed, S, is 
i if í Ts Sp and Ng are closed, 
arison field is regulated by a mechanism A, so that if the shutters 55 an 1 ea etone Be 
2 i i r ; ] ] "e projecte À 
FE an sly opened, and vice versa. The images on DS, and DS p are proj ervo to produce 
* - : ] geo - | EVES serve 
means of two surface mirrors and two prisms. Lenses in front of th« eyes 
ans E : r 
accommodation at infinity. Artificial pupils of | m 
supported by a chin rest. Supply voltage was stabi 
without artificial pupils, 


Hx server's head is 
m. diameter are used. The observer ET ated, 
s a7 MN ri 
lized. Luminances were carefully calib 
to a precision of within 5 ae 


Procedure f — 
á ; 2 Neo 3 Cho eere circule £ 
The stimuli which were used in this experiment are shown in Fig, 3. The y Wen 6 disks in the 
subtending 3? of visual angle against a black background. The luminance of the r the right test 
comparison field was set at a chosen value by the experimenter. The luminance o the observer 
; è "very step s 
field was increased in little steps, specified below, starting at zero. At evc ry ste] 


" E ras equal 
had to adjust the luminance of the left field until the binocular brightness impr Scar weld ee 
to that of the comparison field. The step-wise increase of luminance in the right e ilarly for 
continued as long as a match remained possible. Then measurements were made sin » 
increasing values of the left test fie 


T red ` right one: 
and the observer had to adjust the rig 


Id luminance 


Fig. 3. Stimuli used 
Were absent when the 
of both test and e 


to determine e 
data of Fig. 
omparison fields 


quibrightness curves, 


In Expt. I the concentric circles 
+ were collected, but we 


5 r fields 
T6 present in both monocular fic 


] 
for Fig, 5; in Expt. II, a circle was present in only Ep 
Monocular field of both test and comparison fields. The Visual angles substended were: circu 
disks, 3°; concentric circles, 2° in diameter and 3° in thickness. 
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Left test field luminance (ed. 


ervers, H. V. and W. L. The level of the comparison 

wn against each curvy, i ? of the test field was increased in 

S; X shows that the observer adjusted 
d that of the right test field. 
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Neries of measurements were obtained for various levels of luminance of the comparison field. 
The observer could change from the test field to the comparison field and vice versa by manipu- 
ating a button, and was free to do so as often as he wanted. 


RESULTS 

The results, in terms of equibrightness curves. are given in Figs. 4 and 5. Fig. 4 
refers to measurements from a series in which the luminance of the field was increased 
in logarithmie steps of 1-4 from 5 cd./m.? upwards. Fig. 5 gives data for series with 
linear increases of the test field luminance in steps of 2 ed./m.? from zero. First. as 
a check on the validity of the matching procedure. one may note that where the 
observer makes adjustments giving equal luminances for the test fields, their value 
is in close agreement with that of the comparison field; test and comparison field are 
identical in these cases. 


F i J.B. 


Left test field luminance(cd./m.?) 


0 8 16 24 32 40 
Right test field luminance (cd. m.?) 


o 8 16 24 32 40 48 56 


Fig. 5. Equibrightness curves for two observi J. B. above and W. L. below. Two levels of 
comparison field luminance were used: 30 ed./m.? on the left in each case, and 20 ed./m.? on the 
right. The luminance of the test field was increased linearly in steps of 2 cd.[m.? from zero; 
x shows that the observer adjusted the luminance of the left test field and @ that the observer 
adjusted the luminance of the right test field. 


The general trend of the equibrightness curves is clearest in Fig. 5. The functions 
are linear for test field luminanees higher than a value which is indieated in each 
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figure. The slope of the line is different for the two observers, It isa Lom 
interpretation that the slope is dependent upon eye dominance; the steep curves P 
W.L. are for an observer with strong dominance of the right eve: the observer J. B. 
does not show clear dominance. A difference in sensitivity between the two eyes 
might be an alternative hypothesis. However, when both subjects were tested on the 
Haag-Streit Adaptometer during 3 min. after foveal adaptation to 2,000 ed./m.2, 
neither subject showed a difference in foveal sensitivity between the two eyes. 

The linear portions of an equibrightness curve can be expressed as: we, E + w, E, = C. 
Here E, and £, are luminances of left and right test fields, respectively; and a, and 
w, can be interpreted as weighting coefficients which account for eye dominance. For 
the point E, = E, = E we have: (w,+wu,) E = C; therefore it is only natural to 
choose w,+w, = 1, so that C = E,,, the luminance of the comparison field. The fact 
that the curves are linear, disregarding the 


tails, implies that binocular brightness 
averaging can be simply described as an averaging of energies, and thus far there is 
no special reason to claim th 


at brightness averaging is a matter of averaging of 
‘sensations’. The latter claim 


was made by Aubert and later on by Sherrington. 
Sherrington went as far as to s 


peculate that the sensorium of the right eye is com- 
pletely separated from that of the left eye. Whatever the truth of this, the present 
curves suggest that the binocular brig 


htness impression does not result from simple 
averaging of monocular sensations: it is known from psychophysical studies that 
monocular and normal binocular subjective brightness are non-linear functions of 
stimulus energy, Irrespective of whether this is a logarithmic function (Fechner), or 
a power function (Stevens), or any other non-linear function, the result could never 
be that binocular br ar function of its monocular components if 


ightness is a line 
sensations were mere] y averaged. The experimental error in the present measurements 
ations from linearity, but even 


evidently tolerated slight devi 
1/2 produces a bend, similar in all curves. Therefore, if binocul 
matter of combining Sensations, the results suggest th 
combined in a more complicated manner: the reni 
have to be the same as if energies were directly 
It is concluded, therefore, that binocular 
of monocular energies is constant; the wei 
observer, 


a function of power 
ar brightness were a 
at they would have to be 
esulting binocular brightness would 
averaged. 

brightness is constant if a weighted sum 


ghting coefficients add to unity and are 


constant for an individual This rule is not valid 


CRGA if one of the monocular 
luminosities is low. 


ExPERIMENT Il 


re the main experiments of this study 
monocular contour 
iment is an obviot 
SS curves were 


ding 2° 


and they were 
information in binocular bright- 
is extension of the experiment 
again determined, with the difference 
> “> Was present in one of the monocular fields 
er en ere si 

5. ^ne comparison field was kept à 


30 ed. /m.? 2 
30 ed./m.?. In all other respects the Procedure was the same as deser 


ibed before. 


N 
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l RESULTS 
Fig. 6 shows results for circles i i 
me "e ows results for circles in the left fields. and Fig. 7 for circles in the right 
s © curves are again linear, except fi i vitis 
‘ ag ar, e , for the taus, : ^ E 

E, = E, = 30. This means dnt thes te poly ES p } through the point 
é À ay again be deseribec by the function* 
À ction* 


) 
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Right test field luminance (cd. /m.?) 


J. B. and W. L.. with a circle present in the 


urves for two observers. 
Fig. 3). The luminance 


Fig. 6. Equibrightness € 
he test. field and the comparison field (see 


left monocular field of both t 
of the comparison field was 30 ed./m.*. 


112} 2b . : 


T J-B. 104 


Left test field luminance (cd. /m.?) 
& 


8 5664 0 8 16 24 32 40 48 56 


ld luminance (cd. /m.?) 


6 24 32 40 4 
Right test fiel 

r two observers, J. B. and W. L.. with a circle present in the 
co Fig. 3). The luminance 


test field and the comparison field (5 


Fig. 7. Equibrightness curves fo 


right monocular field of both the 


eld was 30 ed.[m-*- 


of the comparison fi 
the matching process easier for 


s serves to make 
quated 


tains the same meaning when Cise 
the binocular brightness impression change 
Ty improbable: the assumption 
ce 30 ed.[m.?, both containing 
le: their 


mparison field 
of whether Ey r 
es, does 
s? This seems ve 
fields of luminan 
Ten adjustments were mac 


* The circle in one of the monocular cO 
the observer, The question arises. however, 
bt it. In other words, for equal s mulation of both ey 
if à circle is eliminated from one of the monocular field 
was checked by having an observer compare a pair of 
a 2° circlo, to an adjustable pair with a circle in the left field only. 
mean value was 30-6, 0:49. The assumption may be maintained, the 


»refore. 
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w,E,+w,E, = C = E,. where w)+u, — 1. The only difference between the three 
curves from each observer is in their inclination (see Figs. 5-7). This can be expressed 
as follows: the weighting coefticient for the eye in which contour information is 
present is increased relative to the coefficient for the other eye. This may be ealled 
the law of complementary shares, after Hering.* It simply means that if in, increases 
w, decreases, and vice versa, so that their sum remains unity, 

The law enables a comment to be made on the tails of the equibrightness curves, 
where one of the monocular components has a low value, It is clear that if the 
luminance of one test field, the left one say, is below threshold, contour information 
is present in the right field only. Therefore, for these low values of E, 
at the cost of w,, and so a change in slope of the curves at the tails is predicted 
(Figs. 4-7). It is not possible to give the precise function of the non-linear parts of 
the curves: in particular, the luminance values at which the weighting coefficients 
start changing are difficult to estimate. They are probably not at the threshold value 
for one eye, but ata value at which the contour information has: faded out ‘sufficiently, 


+ w, will increase 


Change in weighting as dependent upon distance from contour 
A monocular contour increases the weighting coefficient for the luminance in the 
xt question is whether the effect of a contour is local or 
ole monocular visual field, or is the 
environment of the contour? 


Method 


imuli were used for both the test and the comparison ficld. 
à uminances were unequal, 250 ed./m.? for tho left 
à > Whereas in the comparison field they were equal. In this 
ex "v > ; : : . 
irc i ere ee had to adjust the comparison field until the brightness in the centre of 

° upp c'e looked equal for both fields. Four observers served in this experiment. The four 
em in an order which was varied according to a 


Results 


less luminous (right) field; this result 


1 - Secondly, in 
"esent in the more luminous left field, and one circle 
à nee of the contour extends to the whole field, 
© upper circle area in A and B wo 
Owever, on] the di 1 s 

comparison fiel for y dir 18 effective, the 


a higher luminance than that for B. 


! 


p —— ; 
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Table ] 
shows th: ` T : xm ` 
aig gos that the latter is the case (P < 0:005). The differences betwe A 
B. amy : bes S zeen z 
Bai ds D do not reach significance. The conclusion is, therefore, that tl 
ghtine coefficient is increas sf A > ca y PARR ONG 
g ent is increased only for the 1 i 
M^ mdi iae i 3 e immediate neighbourhood o "s 
for the visual field as a whole. E Midas 


B 


C 


d to test whether the influence of contours was local 


1 for both the test and the comparison fields. The diameter 
always 250 ed./m.? for the left field 


luminance of the area within the 


een Four pairs of stimuli which were use 

: oral. The same stimuli were usec 

of the disks was 5° of visual angle. Test field luminances were 

Ko ed./m.? for the right field. Th ljusted the 
circle only of the comparison field. 


The observer à 
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Table 1. Comparison field adjustments in cd..in2 of four observers 
for the conditions of Fig. 8, Expt. III 


Condition 


Observer E! B [4] D 
1 202 53 70 

2 180 43 50 

3 180 57 DIU 

4 202 117 104 
Means 191 67-5 16 


EXPERIMENT IV 
Spatial amplitude of the weighting variation 
The next question follows immediately: to what value does w increase at the fixa- 
tion point if the distance between the fixation point and the contour is made smaller 


and smaller? In other words, this question refers to the spatial amplitude of variation 
in w. 


Fig. 9. Stimuli used to determine w, as a function of field si 
visual angle: four sizes of central d isk in the left fi 
of the left and right test a 
luminance relations. 


: The squares were 14° x 14? of 
i X k eld were used: 1*, 3*, 5? and 7°. The patterns 
nd comparison fields were the same; see text for details of the 


Method 


The stimulus conditions for this experiment are shown in F 
square of 14°x 14°. Its luminance was fixed at 100 ed /m.? 
identical, but its brightness was adjustable by the observer T 
parts: à central disk of variable size, with luminance fixed t 
of 14^ x 14° at luminance 3-7 cd./m.?. The left comparis 


luminance of the central disk was always the same as that 
À £ s tha 


aeee e d. WAS always 1/3-25 of that of the central disk: 
—€— et field and comparison Bab ia eir ee amy — — 

r sizes o er LN L 5°, a and 1° of visual angle. The conditions were presented 

quare design. Two groups of four observers took part in the experiment: 

two different luminances were used instead of contour? 

eason was that it is quite impossible to make a trustworthy 


a within a c . j ^ 
à contour of 1° on a relatively large, uniformly illuminate" 


background, when instructed t 
: d ‘i 9 neglect the bri 3 iss 1 em- 
of brightness contrast in this Stimulus j ipei s wir nding fold, The pun ral 


disk was bri b ; re minimized in two ways. The cent 
isk as brighter than the Surrounding area, and the brightness c T wo ES. rud A 
a stimulus shown against a more luminous backgroun 1 ^ oie te 
: : ig § d. 
surrounding luminance was equal for test 


experiment. 


ig. 9. The right test field was ® 
The right comparison field w* 
The left test field consisted of tw? 
at 12 ed./m.?, and a surrounding ficl¢ 
on field had the same pattern: the 
adjusted by the observer for the rig? 


t is only great 
l l. Moreover, the ratio between disk ? 
and comparison fields and constant throughout p 


nå 


he 


[ 


Binoc l bri li S erc ( ontour in 
cular E J A ] 
r orig niness ar raging ind cor u ù format ion 1l 


ee Results 
gives fs fatus à phe i fure been caleulated for the four disk sizes. The results are 
meter of the p = fs ysis of variance shows that ir; increases with messer df - 
that at 1? for bs EN he ig aaa is significant (P < 0-001). In Table 2, it us 
ment errors mel ys ais and 8, w approaches the unit value as closely as wine 
mean values of w ». : TRA moreover, of the increasing tendency apparent in the 
Immediate neighbor cerensing size of the disk, the data strongly suggest that in the 
exclusively rd 1r 100d of a monocularly presented contour, binocular brightness is 
localized Min wem by the luminance of this monocular field. The strongly 
relatively v eh: ects in the former experiment (Table 1), compared with ihe 
limited iy a em of w for all angles in Table 2. suggests that variation of w is 
effective than presenee of a contour. Furthermore, à boundary may be more 


a contour. 
Table 2. V. hus Bast 
e 2. Values of w, for eight observers and four sizes of disk 


Size of disk (visual angle) 


Observer P 3° 7° 
1 “S35 ‘741 7 

2 -956 E "875 

3 -997 -974 968 

4 -911 -765 7192 

5 -939 “O14 S “S01 

6 “990 “900 “S81 “864 

7 “S24 -810 -790 213 

8 1-002 998 -941 :937 

Means +932 SST by *851 


a neutral filter is placed 


Fe 
chner’ 
E dips > 
paradox can now be understood as follows. If 
t is the transmission of 


bef, 
ore the ri 
he right eye, E, = w E+, th = E(w, +u,t), where 


the fi] 

* hiter, T K 

and ; < en right cye is closed, w, equals unity, 80 that Ej, = E. Since w+ t", = 1, 
, it follows that w,+wt < b and therefore Ey, > E». Hence the apparent 


bri 
ighty : 
less TR E a : å s 
e increases if the right eye 15 closed. This argument implies, however, that 
alid for monocular observation. There is 


as i 
Mme eu id that w,+w, = 1 remains V for m 
le data for 2 that this is not true without qualification. In fact, one may interpret 
D em nua 0 (Figs. 6 and 7) as a? indication that w+ Wr < 1 there also, since 
1930 as p teloni for E, = 0; comparable instances are given by De Silva & Bartley, 
(a) Ms Igument for brightness summation). However; two considerations apply. 
atching a monocular and a binocular brightness appears to be a rather 


UNstab 
le affair. Day-to-day variability is high. Observers have a feeling that at 
3 iterion is chosen, a feeling that is 


ever 
^ E Ce session some arbitrary Cr! 
(b) To et A matchings: 
Observation ck whether the assumption that w: 
ensure that. is MENY small test field (or comparisor 
Weightin the field as a whole is sufficiently close informe 
eget ee to approach unity. Closeness to contour oa may be 
Mission oe Fechner’s original experiments the paradox was pose for Iter i ans- 
Me p alues closely approaching unity (Fechner, 1861, p. 420), indicating that 
in the above sense. This follows necessarily if w, < i because E = wE < p. 


+w, = 1 remains valid for monocular 


n field) has to be used in order to 
to contour information for its 
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i "lb i ss th: ity at a gre: istance from the contour. and 
According to Table 2, w is less than unity at a great distance frc m t mper 
this was precisely Fechner's situation because he instructed his subjects to look a 
blue sky through the filter. —- 

For these reasons it does not seem necessary to reject the law of complement: 
» i 1 iti a aX y n i oO 
shares for the case of monocular stimulation. In addition. the explanation r 
Fechner’s paradox would not be invalidated if the law of complementary shares ha 
to be qualified. A good choice of the transmission of the filter might always com- 
pensate for minor deviations from the law. 


Fig. 10. Schematic representation of the interaction of monocular contours and luininancees in 


binocular brightness averaging; see text. for details, 


CONCLUSIONS 
The general conclusions from this study may be 
Fig. 10. This diagram is intended as a mnemonic device, without further pretensions, 
and is drawn as an electrical flow-diagram, Luminosities E, and E, stimulate the 
eyes and may be thought of as voltages in the electrical metaphor. They are weighted 


by the balance B, a potentiometer in electrical terms, and their weighted sum Æ, i$ 
the basis for the binocular impression of brightness: 
resistances with a constant s 


a result, the current in the ¢ 
efficients, w, depend upon contour in 


w, and w, become variable 
aw of complementary shares; as 
ast Bis E, = wi Ew, E. The weighting co* 
formation, as indicated by the channels Cy and 

of the potentiometer. Tf contour information 
is similar for both eyes, the weighting coefficients are determined by eye dominance 
only; in the absence of eye dominance they are both equal to one-half, Tf contour 
information is present for one eye only, the weighting coefficient for this eye increases: 
up to a maximum of unity, with a corresponding decrease in the coefficient for tho 


other eye according to the law of complementary shares. The whole mechanis™ 
applies to a small area of the visual field only; for a different 
must be postulated for which the parameter. 


If the binocular brightness impression is a function of ; 
lation’, T, of the weighted energies int 
simply located in the diagram beyond the averaging process, and T can be imagine 
as a device with some non-linear amplitude transfer characteristic, At every point 


summarized with the help of 
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of the visual field, the apparent brightness is thus determined by the left and right 
spe luminances at that point, and by left and right eye contours near the point. 
l'he implications of the approach for the mechanism of binocular rivalry are con- 
sidered in conclusion. Rivalry occurs, generally, when non-corresponding contour 
information is given. Rivalry is not a matter of the monocular visual fields as a 
whole; parts of one field may enter into rivalry with parts of the other field. In terms 
of Fig. 10, if non-corresponding contours are present near an area T, a conflict results 
in the partition of the weights. The contour in the left eye produces a tendency for 
w to increase; the non-corresponding contour in the right eye, in its turn, will pro- 
duce a tendency for w, to rise. An increase of both w, and w, would evidently violate 
the law of complementary shares. Apparently this conflict is resolved in such a way 
that one tendency triumphs over the other for some time, after which the other 
tendency becomes victorious. The law of complementary shares is thus saved by an 
alternating process. Evidence for this process will be given in a subsequent report. 


rof. J. P. van de Geer for stimulating this research and 


ia 
Che author is grateful to P 
of. M. A. Bouman for critically reading and discussing 


cor s 
imi. the text, and to Pr 
he manuscript. 
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MAZE LEARNING AND VISUAL DISCRIMINATION IN 
THE WOOD ANT (FORMICA RUFA) 


By D. M. VOWLES 
Institute of Experimental Psychology, University of Oxford 


A technique is described for training ants in a T-maze. The walls of the maze were covered with 
s for the correct solution of the maze. These patterns were used to 
ant. It was found that ants would discriminate between vertical 
l and diagonal stripes, but not between diagonal stripes of 
eralization using vertical stripes of different widths, the 
The implications of these experiments for insect 


patterns which served as cue 
test tho visual capabilities of the 
and horizontal stripes, and vertica 
opposite slope. In an experiment on gen! 
ants appeared able to generalize satisfac 
pattern vision are discussed. 


torily. 


The objectives of the work reported in this paper were: (1) to devise a simple 
method for rapidly training ants to make simple visual diseriminations; (2) to use 
this method for testing current theories of form perception in insects; (3) toinvestigate 


the ability of ants to generalize between figures of different sizes in the hope that this 
might throw some light upon size constaney mechanisms in insects. 
P ability of animals to distinguish between 


a : : S 
Experiments designed to test the £ , 
1 the animals showing a pre-existing 


different stimuli have depended either upon the ani 
Preference for a particular stimulus, or upon their ability to learn during the experi- 


ment, thus changing their responses in relation to the stimuli used. Experiments on 
Visual perception in bees and butterflies have been concerned with the characteristics 
of the stimuli provided by flowers, while Wallace (1958) and Ellis and Pearce (1962) 
have investigated the spontaneous preference of locusts for different shapes of object. 
It has buds chem for some time that one of the most important characteristics of 
Visual patterns to which insects respond is the amount oi BADASUR in the figure. l It 
has been suggested that insects distinguish different Es € terme = the quantity 
of flicker produced by movements of visual contours were pee dn i. compound 
eye. Although flicker is certainly an important wir ie i ia o 8 : Wolf (1936) 
have shown, it is possible (Hertz, 1937) that spatial as we mporal patterns of 
M oen Ui eer in the beetle the ii of Pl HUBER 
the integrati ivities between neighbouring qme 1 ae 5. an o-correlation 
i gration of activ f two or three adjacent omma- 


; ts in groups 0 

is perf, he stimulus effec . 

Or reen thes : h i a 

tidia Tn ues Lh shown that such a mechanism v ould give good figure ground 
. Hassenstein has 


Saeco t extended his theory to cover shape perception. , 
paration; but has not ye A d below, various visual patterns were used which had 
n the experiments describe d therefore gave rise to different quantities of flicker 
ran ; 


len citant ge mada aa o eim eee 
of these See ee n wa of the amount of pem a 4 Lame ig Pe icker 
e fpem "n wever, Since ants do not d ith bees, Aiiófi * Dé 
to csi a produge. i :que as has been successtu d is a any at 
such a training techm4 od of homing by means of visual land- 


t 
nts was therefore used; namely 
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marks. It is well known (for references see Sehneirla, 1953: and Y a 1 nd 
ants readily learn to use cues derived from light direction or objects in : on 7 1 
i der to guide themselves over a particular route to and from their m à l 
beable € therefore developed using a simple T-maze through which the w ood n 
Mosam ann had to find its way home. It was already eee rom € pe 
largely dependent on visual cues and this was somiam E an extensive s 

of preliminary experiments briefly reported by Vowles (19 
used were provided by placing patterns upon the w 
other extraneous cues. 


58). The visual cues 
4 ded 
alls of the maze and eliminating 


It is not known whether insects possess any mechanism for producing size oo 
stancy. If they do not possess such a mechanism, then the same figure at enn 
distances should appear to be a different size. If ants are trained to respond to Tae 
of different sizes their ability to learn such a problem should throw some light upo! 


their constancy mechanism. In the final section of the paper such experiments are 
described. 


METHODS 


The ants which were used in these experiments were kept in an artificial nest, which consisted 
of two interconnecting, glass-roofed chambers set in a concrete block. The brood chamber was 
kept darkened and supplied with nesting material, Food was placed in the outer scu 
chamber. The whole nest was kept fairly humid. The chambers were 3 in. x 2 in. floor space anc 
iin. deep. It was found important to have such relatively large chambers with this particular 
species as groups of ants tend to die, possibly of formic acid poisoning 
a space. The nest was stocked with twenty to thirty worke 
and in the majority of cases a single queen. The 
of learning experiments; if the ants are not thr 

The T-maze used for trainin, 
nest, a guillotine-type Perspe 
through at a time, and ants were prevente 
on their own initiative. The door must also have 
nest. The glass exit tube 
slightly upwards than to 

The maze i 


» if kept in too confined 
rs, brood when this was available. 
condition of the nest is important for the success 
ivin 
£ was connected thr 
X door being placec 


Only one ant was allowed 
nest and going out into the maze 
eliminated at least some olfactory cues from tho 
since it had been found that ants prefer to walk 
nder these conditions. , 
Spex, and the dimensions are shown i 
5 S were taken individually from the nest ant 
introduced into the maze throug} i lid at the entrance to the T. This was done bY 
e and waiting for į imb down into the maze, In the ent 
^ ; Was a swab of cotton wool, moistened with 
The peppermint re $ and caused them to move up into yni 
Ppermint was omitted, and this led to no 
were lined with white 
as ‘Zipatone’, 


card, to which were fastened striped pattern? 
each pattern occupying both walls in 


The patterns extended all over the walls of the maze 
and the adjoining wall in the entrant 
A the junction of the arms and the stem. 

creened from its surroundi ertical white tubular sereen 18 in. hig! 


tre of the lamp 


^ placed level with the top : 
1 was placed carefully 
tion. j 


; aod. 
over the junction of the T, to elimin? 


gs and the patterned Bm 
YS, and wiped daily with a cot! 


— i nn —— 
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wool swab soaked in alcohol, in order to eliminate olfactory cues. The negative alley was closed 
that the difference in smell and appearance ‘between the 
been used as cues by the ants, but in fact preliminary 
se. Three further results support this: first, anis 
could be set an insoluble visual discrimination, and did not learn to run the maze correctly under 
such conditions; secondly. after successfully learning a discrimination it was clear from the tracks 
of the ant that the choice was made in the entrance alley, well before they could see the arms of 
the T; and thirdly, if the striped linings are replaced by white or other patterns after learning the 
ants appeared lost, while exchanging them for the similar pattern did not disturb the ants. In 
fact, odour cues were found to be almost totally unimportant, and even if the precautions to 
control odour were aceidentally relaxed, it was found that the results were unaffected. 


with a plug of plasticine. It is possible 
plasticine and the exit tube could have 
experiments showed that this was not the ca 
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Nest Door Exit tube 
Maze wall 


Plug in 
blind alley 


Screen 
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Fig. 1 Diagram showing plan view of training situation. 
vig. 1. g E 


ns of cellulose paint, and eight or ten individuals were 


Wa ; mea. A 
Ants were marked individually p n individually from the nest at the times of their trials 
s usually a period of between 2 and 


labelled i rere 
Hed in each nest. These Wwe 5 eam, There wa 
d placed in specimen tubes to avait Mand before their entrance into the maze. Ants were run 
E mn, after their removal mi ie ay was given. Tt was found that two or more daily trials, 
if d and only ono P^ P'bchaviour on the part of the ant. Similarly, if any punishment 
o md given, led to abnorma "7. ind alley, the ants also rapidly developed abnormal 
Such as an electric shock) was £V 
jresumably to escape from the odour of peppermint and 
and the reward was merely to return to the nest. How- 
attempted later to emerge again into the maze, but 


d door: the significance of this is not clear. 


the ili 

' gen ir 

generally unfamiliar vd borne often 
and their behaviour recorded as described 


ev : 
Ver, ants which had return aod, 
We a so doing ?' 
A ore, of course, prevented from : 
‘Ants were observed continuously w 
L . 

n the section on results. 


On successive days the 


hich the ant had to turn to follow the correct pattern 
why liminary experiments that ants 


direction in V been found in pre 
Tt n relative to their own body-axis, and since in a 
ec ntly occurs by chance, this established a 


rapidly le m in & pa ns freque 
y learn to turn in & P lar turns freq imination and prolonged the learning 


p of simia visual diser he 1 
wning tendency which conflicted ue that alternation was better than randomization, and 
t, thereto!” 


Period considerably. It was fe Gen. Psyeh. 56, 1 
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zi e has since been obtained that ants can learn to alternate. The expatimpts ws 
es sg "rimi ation and disorientation after removing the patterned linings showed thi 

oS do so at least within the time span of these a ed — fail, 

In their early trials in the maze the ants show very considerab e ere king, an Maie 

ean , exi ^. vhich they seemed afraid. Since this initial | 

bs s en diis Bs involves as many as thirty to forty errors per 
engeren wc lasts 20-30 min., it is tedious and laborious to observo. ‘The ; deno 
require information about this early learning period, and therefore gave all the 2m pod i D 
trials, in a white walled, screened maze, for 3 days before training started. Allt he igs it m 
ants were placed in the maze at the same time and left with the maze door open for 2 3 il 3 d 
behaviour was not observed during this period. The direction of turn was alternated on succes: 
days. Asa result of this pretrainine the ants became familiar with maze 
tube. They subsequently showed relatively few errors in the early 
their way home within 4-5 min. 


experimenter did not | 


conditions and Boc 
training situation, and founc 


Learning behaviour and treatment of results 

In the early stages of their experience of the m 
paths, with many turns and much back- 
ants when they are disorientated or 
In the maze, their tortuous tracks at first keep them in 
them back into the entrance alley of the T. Later 


farther along the arms of the T, but even after entering these they often do not reach 
the end of an alley before turning back. During these early stages ants tend to walk 
on the walls and the roof of the maze and try to find 
At a later stage in the learning process, 
back-tracking shown in the entrance 


aze ants run along very convoluted | 
tracking. This is behaviour characteristic of | 
lost (MaeGregor, 1948; Carthy, 1951). 

and later repeatedly bring 
their tracks gradually extend 


a way out in edges and corners: 
about the fourth or fifth trial, the amount o! 

alley decreases, as does the tendency to walk or 
the walls. The ants still show : 


NND * = ip 
s ; however, a considerable amount of back-tracking a 
the arms of the T, often repeatedly passing from one arm to the other without 


travelling to the end of either. As training proceeds further the tracks into the blind 
alley progressively shorten and the extent of tracks into the exit alley increases, £ 
that the ant more often reaches the end of the exit alley. Even so, it will often tur? 
back without entering the exit tube. When the ants have finall 
of performance, they show little hesitation in running thr 
tracks start to curve towards the positive alley while the 
alley. ` 

If during a period of good pe 
example, an unexpected y 
handling during tr 


-zel 

y reached a good leve 
i ar 

ough the maze, and the! 
yt XS. a » e 
ant is still in the entrant 


rformance the 
ibration of the 
ansfer from the nest, the 
number of errors then increases, Similarly, if the ant is in an 
often be observed running backwards and forwards in the m 


the linings, which it can take hold of, and generally 
to attack’, When suc occurs, it is ol 
» it is 


learned behaviour has been forgotten; 
motivated to leave the maze, and 
usually immediately clear w 
be caught in the entrance 


ant is disturbed in 
maze, or is hyper 
convoluted tortuoi 


or 
some way, by; fi 
$ bis 8 
exeited owing to g^ á 
a 
1$ tracks recur, and t ñ 
. t CW 
aggressive mood, it ie "| 
aze, biting any edge 9. — 
h disturbance bviously 
it merely implies t 


" yer 
hat the ant is no long , 
so does not retur 


hen the 


i temporarily removi ^ befor 
j ed from the maze, b 
errors had occurred, They were then reintroduced later 
q y 1 TOv; s H . nh e 
Three measures of learning were taken in preliminary experiments, These were er 


| 
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length of 
1 of tr. ec US " 
Biogr di ack, time spent in maze and number of errors. It was found 
the maze was not a very . It was found that : 
a very good n at the time 
ants would 3 Ys measure of à e 
ild s a progress of lea: : 
ant ometimes make a very slow but error fre = f learning, since some 
ira a another occasion) might make a fast 2 while others (or the same 
rack was Ke é run with many er 
as good meas CEN S y errors. 
course labor a but it was difficult to obtain accurately sees E 
, laborious to take, particularly i Ys was also. of 
score oi , particularly in the early trials. S , 6 
aly w S í : . s. Subsequently 
ional »à " as used, since this was not only the easiest to osi me = , the error 
gth, which itself is a measure of disorientation. An a also aai the 
" ; oie seored whenever 
bit Geena badea tered the blind alley, or completely entered the exit all er 
— NT ck and left again by the entrance tube. This type of score gi xiu BEY, 
e of the ant’s progressiv mi À iv 
iP esis m 7 ant’s progressive learning, and also a good indication of E esa good 
e disturbed by a change in the stimuli after learning EERANNDIUN 
g. 


an ant ei 
ant either completely en 
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dividual au 
to individual reference codes. 


s of five in 
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Fig. £ i grai 
g. 2. Learning gr ph 
nation. The 


diserimir 
It will be clear from these that 
garded as a two-choice situation in which 
for example, in a Lashley jumping stand 
s. Ants seldom show a sequence of trials 
heir back-tracking behaviour "weht 


arning graphs are shown. 


In Fig. < : 
1 Fig, 2 some typical le 
be simply re 


rl for ants cannot ande 

Or a, Tom error can be made per tria ne ide 

With -maze with swing doors used with re 
only one or zero errors. This is because t 


1 
he number of errors in any trial when the ant 18 disorientated. 
It is therefore necessatY 1 stitutes a suitable criterion of learning 


to decide what con 
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The mean error score itself is not a good measure, owing to the large number of ae 
which can occur on a single trial. For example, if in a series of ten trials nine arc 
without error but one has ten errors (which is a common result) 
score of one error per trial: which could also be obtained by an 
runs and actually scoring one error per trial. A better measure is to count the number 
of trials on which errors occur, irrespective of the number of errors. 

As noted, the maze cannot be regarded as a simple two-choice 
may be due both to an ant entering the blind alley and/or to an 
alley but turning back and failing to leave throug 
eat has therefore at least three alternatives—entering the blind alley, entering but 
turning back from the exit alley, or entering and actually leaving by the exit alley. 
However, the precise probability can only be determined empirically by studying 
the ants’ actual behaviour. 

In a sample of forty ants the number of trials without errors on the first trial was 8. 
This is small because of the high level of back-tracking, characterist: 
surroundings. If, however, the ant learned the maze as such, but was unable to 
identify the exit alley, the number of error free trials occurring by chance might he 
larger. One way of obtaining a measure of such chance occurrences would be to count 
the number of error free trials shown by ants when set an insoluble problem after a 
stage at which they would normally have been performing well on 
As described later ants seem unable to learn diagonal v. diagonal stripe diserimination. 
In a group of fifteen ants set this problem, on the 20th trial five made an error free 
run. If five out of fifteen is accepted as the probability of making one error free trial 
by chance, the probability of five consecutive error free trials is therefore 0-335 — 
0:004. This criterion was therefore accepted. 

In any single nest there were usually ten individual 
two or three usually died before 
individuals failed to learn within 
There is considerabl i 
did learn. 'Thus Some ants ma 


this gives a mean 
ant making no correct 


situation. lZrrors 
antentering the correct 
h the exit on that occasion. The 


ic of unfamiliar 


à soluble problem. 


8 while others take twenty- 
e the diseriminability of different patterns 
to distinguish between them, some account 


à nfortunately a considera iffer y was 
found to exist between the pe» y erable difference 


from different nest: 


here anything about 
he different patterns used, 


e not possible to conclude 
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in the stri 
stripes or whether y : 
fies Dead 3 whether they generalized from one pattern to another. Wher 
Dy í > j iti e : : 
behaviour ipio Pv in conditions, they show a recurrence of back stadi 
eads to a recurr ferr i j» Pie 
anona ence of errors. However, it is n y E 
vrbc: i 1 h ecessary to know 
learning curves age an s s performance is under unchanged conditions ts 
is. 5 v s for some individuals which hav b i i , 
E3. Feed uf ave been overtrained are shown i 
titer — aa r fr om the graphs that ants are very consistent in their ahead 
sitive diserimí conditions. Tn twelve ants overtrained on a vertical versus ee 
hier per seo it was found that after the initial five error free trials iar Aa 
7 7, 7 + j : 
PPM visis i at a mean level of 1-6 trials with errors out of ten trials. Thus in any 
íi 1e ^i JU H Bo 1 à ? 
To ade e control group show a sufficiently reliable and consistent performar ; 
rison with the experimental group. e 
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Fig. 4 
1g. 3. Learning graphs 
r graph shows the 


discrimi i 
n crimination. The lowe 
raining, 


- ved in this situation is that if training and 


we . further complication which is invol à s 

Sting are continued for more than & total of thirty trials, the performance of an ant 
continue the experiments for a large 

bed by a change in conditions but is 


e : : 
n deteriorates. Thus it is r° à 

ant is distur 
it will presumably start to learn the 


nun 
"nur of trials. Further, if a? ist 
atedly exposed to these changed conditions, 
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new situation. Since learning may occur in a small number of trials it is therefore 
necessary to select for analysis a sufficiently small number of trials after conditions 
have changed to reduce or exclude the possibility of improvement in performance 
due to learning. It was found empirically that six trials following the original learning 
(i.e. a total of eleven trials from the initial reaching of criterion) provided a suitable 
number for analysis. Using a median test the number of trials showing errors in the 
six trials following a change of conditions were compared with the six trials following 
original learning in a control group. A one-tail test was used with the hypothesis that 
a change in the conditions should disturb the ant’s performance. This is a crudo test 
which does not distinguish degrees of disturbance. 

An attractive experimental procedure which w 
trials (for controls) with training tri 
disturbance in the test trials also affected performance on the traini 
often abnormal behaviour developed in the maze. The procedure 
abandoned, and separate groups of ants used as controls. 


as tried initially was to mix test 
als using the original conditions: unfortunately 
ng trials, and 
was therefore 


RESULTS 
Vertical versus horizontal stripes 
If insect pattern vision is ba. 
when its image moves over the 


be easily discriminated from a series of similar horizontal stripes by an ant running 
on a horizontal surface, If, however, only the length of contour is important such 
stripes should be indistinguishable, The possibilities were tested as described 
below. 


The patterns which the ants were required to distinguish from e 
Series of experiments were composed of parallel red and white sti 
mately 2mm. width and separation. This width is well within the li 
visual acuity—partly because the ant is elose to the stripe, which therefore subtends 
a large angle. The ommatidial angle of the wood ant is about 4-5° in the horizontal 
plane (from Werringloer, 1932). The Stripes were red rather than black merely because 
this colour was supplied commercially as "Zipatone', and black stripes of similar 
dimensions were not then commercially obtainable. The stripes did ces heya very 
sharp or straight edges when examined at high magnification, but a "y ;onably 
clear to a human observer, Insects are known to be relatively oat a € and 
it is probable that the red Stripes do appear almost black to hw aide In os pilot 

nd photographically reduced black and white stripes were 
s had learned the red discrimination ; no difference in 


sed on the quantity of flicker produced by a figure 
compound eye, then a series of vertical Stripes should 


tion of ants were trained with vertical Stripes aie ana, Half the yo 
negative. Typical results for 
writer has used this training 


more ants have learnt this dis for other p urposes, and man? 


shown in these figures. 
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It will be clear from Fig. 2 that, with the exception of ant LRG, all the individuals 
Ant LRG is included in order to indicate the 
t learn the maze. The positive 
ature of form perception, 


Successfully learnt the discrimination. 
sort of performance shown by an ant which does no 
Tesults support the suggestion that flicker is an important fe 
although other hypotheses could predict the same result. 
When the early performance of the ant is at a high level there is usually a falling 
off before learning, Similarly, a deterioration in performance occurs towards the end 
of a long training period. A qualitative examination of all the results for learning a 
T-maze by ants suggests that learning is often most rapid in ants which show an 
initially poor performance, rather than in those which show an initially good result. 
Possibly this may be due to the fact that the latter group of ants have less experience 


of the blind alley. 

mn, "n las x H c 
" l'aking as a criterion for learning the first of a suce a "e UR 
ree trial us JM T i reach this criterion within 
ie trials, and omitting the very few ants W hich did not rea 
‘hirty trials, the mean number of trials to 


ession of five consecutive error 


2 


reach the level is 14:5 with a s.p. = 3:6, 


Perception of diagonal stripes 
If the important cue in form vision is the quantity of flicker agente pum 
“nts should be unable to distinguish identical rectangles tilted at 4 o 7 right and 
“ft of vertical Such a discrimination is also diffeult for many other animals (Suther- 
tical. § ; 
ànd, 1962) u 
In these experiments therefore the ants were required to -—— cn pere 
“tection of sl f otherwise similar patterns. The 2 mm. red and white stripes 
Fir nage ea angle of 45° to the horizontal. 


descri ; an were tilted at an 

Scribe. VRASTGUB jon were U 2 : : a ae 

ed in the previous sect the stripes so that the direction of slope is different 
ce t j m "i ^ 

ange o the external human observer. If the stripes are 


right in the two arms of the T these look different 
an ant running past the stripes such an arrange- 
a the two arms and the discrimination 
o slope downwards toward 


Care was taken to arr 
ative to the ant, rather than t 
b to slope up to the left and t 
w le experimenter. However: to ar a 
ent presents precisely the same stimult Sid 
Cannot, be learned. 'The stripes were maine’ en of the other. 
le end of one alley, and upwards towards the mination, and some of their 


fn. i this diserit 
" . aiv trained on XS ER 
T'wo nests of ants were initially tr? at no individual succeeded 


"'aphs th 
reg s : from these graphs ^ KE 
, "Sults t, It is cleat : sl in the previous section. Some indivi- 

ami o i 
learning a¢ 


d rrors fairly randomly 

“uals did in their performance, ee s ks ny ando ly. 
8 ¢ ateau it Aw aight be expected § 

etw = oy d peces" ;s ds the sort of standard which mg expected 

, "Ween 0 and 3 per trial. This 1s maze as such, but not to the stimuli which 

-ma F z 

her individuals shown varied considerably more 

m n dme either because the ants died or because 
jscon , 

becoming abnor mal. o 

some adverse characteristic of the 

in learning the experiment was repeated with 

in le? g. 


ts . . « +hjs failure > ously learned another discrimina- 

mt responsible for fo of which had peann E part of Fig. 4. It was 
gr S E d i ‘T pa g. 4. It 
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of the diagonal patterns, which they easily 
circles on the graph. In the two experiments 
the criterion for learning. 
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this period three of them were trained with vertic 


i ipasi ce 
al versus horizontal st ripes. 1 ae 
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4 mH read 
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Vertical versus diagonal stripe discrimination 

If the flicker involved in form vision is caused by movements of contours over the 
retina then ants should also be unable to distinguish a vertical from a tilted contour. 
As Wallace (1960) has pointed out, single contours at different orientations, but of the 
same vertical extent, will sweep over equal areas of the eye as an insect moves past 
(parallelograms on the same base and between the same parallels are equal in area). 
However, in repetitive patterns such as stripes the horizontal width of the stripes 
will also be important—the narrower the stripe the higher the frequeney of flicker 
às the ant runs past. 

In these experiments therefore ants were trained to discriminate between vertical 
ànd diagonally striped patterns. Two conditions were used: in one of these the two 
patterns were composed of the same stripes, one vertical and the other tilted at 45°. 
In this condition the absolute widths of the stripes and their spacing are equal for 
both patterns, but the widths of the stripes and spaces on à horizontal axis are greater 
In the diagonals. In the other condition the diagonal stripes were of such a width and 
separation that their measurements on the horizontal dimension were in fact equal 
to those for the vertical pattern. These diagonal stripes were therefore narrower on 
he stripes were prepared in both cases by drawing large black 
and reducing them photographically. As before, the 
| stripes were 2 mm. stripe width and separation. 


their transverse axis. T 
and white patterns manually, 
basic dimensions of the vertica’ 
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f equal hor! 


n í g are shown in Fig. 5. ‘Six ants were trained under 
The results of these espa der the second condition. The vertical stripes were 
the first condition and fi der the first condition and three individuals under the 
Positive in three individuals uncer from the graphs that these discriminations were 
Second condition. It will be cleat ber of trials to reach the learning criterion were 

suggestive, the ants came from 


num N 
adequately learned. The meat 5 oh this difference is 


E and 9-6 respectively; bu sint ndn conclusions can be drawn as to the relative 
ifferent 1 ifferent se 
nests at different *: 
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difficulty of the discrim! 
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Discrimination of vertical stripes of different widths 


If an ant is running close to an object for a given distance the area hs |i. 
à single contour and hence the number of stimulated ommatidia vill be "im ser: 
when the object is distant. If the ant cannot allow for the effects of distance i nae 
confuse similar objects of different sizes at different distances, or the same Mc 
objects at different distances, since they might produce the same total flieker in 
same time. 

As Wallace (1960) 
rate or extent of mo 
voluntary 


has shown, one of the cues used in dist 
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~ this experiment are shown in Fig. 6. Five ants were trained in condition one and 
Our ants in condition two. There was no significant difference between the two 
conditions. ‘The mean number of trials on which errors are shown during the first 

is L3. N = 8. A median test in which these 


Six trials after the change of stimulus 
results are compared with the control group in which continuous training was given 
with no change of stimulus after the five consecutive error free trials gave P = 0-16, 
Which means that the performance is not significantly different from the control 
group. 
There is thus some evidence that the able to respond to the relative size 
of stripes rather than their absolute dimensions. In view of the fact that insects are 
not known to possess a size constancy mechanism, it is relevant to note that in these 
experiments, particularly during the middle period of training, ants were frequently 
observed to run close to one wall of the entrance alley and then to cross over and run 
close to the opposite wall. This behaviour suggested that the ants were auanasaively 
sampling the two striped patterns from their near vicinity. The ants seemed to be 
Comparing the patterns in time rather than space. If this is so, Chiat obviously resell 
constancy mechanism would not be necessary to enable the ants to distinguish between 
the stripes since they are being compared successively from similar short distances. 


ants were 


GENERAL DISCUSSION 


The pur b iments described above was to devise a method for training 
OS -he experiments : 
em method to study insect pattern vision. 


ants in visual discriminations, and to use the a 
It is not clear whether the ability of ants to orientate successfully through a maze by 


Means of patterns on the walls should strictly be regarded as showing form vision or 
Not. The subsequent discussion should, therefore. be considered with this caution in 
mind, since the generality of the findings to the more usual type of form perception 
d dne B 


Situatian. = 
tuation is not known. 
5 . 
Previous work on form percep 
Suggested that the most import 
iat the m 


tion in bees (Hertz. 1929a, b, 1931, 1933, 1935) has 
ant feature of the stimulus by which they detect 
at if Jolf (1936) have suggested 
lowers i tour in the figure. Wolf & Wo : geeste 
that a Sia pci sers hips or perhaps the frequency, of flicker produced in 
it is merely the tota qe K nd eye which provides the effective 


E mpou 
the ommatidia as the image moves oV?" the comp 


Stimulus, 
Clearly the total flicker produced Tht fdr 
le compound eye is the sum of the ig p 
om ommatidia. This will depend on mee tot 
na the total number à nts out, whether some factor other than 
iot a not quite clear, as Wa orientations of the contours to each other and to the 
al flicker, such as the relative etles, Hassenstein (1958) has shown 


; tant. In be 

ip asa whole, might not be erp carried out by the same mechanism used 

h E an tT O r 

Sa figuro-ground disoriminat ig mechanism the relevant integrations are made 

k movement perception. In :acent ommatidia, independently of their 

e entirely by groups of two falling upon other, more widely separat ail, parieof 
Us. The effects of the stimulus +ë ir integration. If this same mechanism 

d 


e 
eye are merely summated su 


by a stimulus in à given time as it is scanned by 
y . and dark/light changes in the indivi- 
d of movement, the separation of the 
f contours al length of the contours. 
con : 
ace (1958) pot 


28 D. M. Vow Les 


is used for identification of a figure, as well as for distinguishing it from its Mim 
this would support the suggestion of Wolf that form perception is eid P of 
quantity or frequency of flicker produced by the patterns. The — 1 
a pattern might depend merely on the distribution of different contours 1 - anid 
each other and to the ommatidia: contours falling on adjacent etu ee 2l 
interact to produce greater effects than those falling on more widely sepa -— 
ommatidia. Further, since the ommatidial angle may vary along different a3 
(e.g. horizontal and vertical) the relationship of the 
obviously be important. l m 
Of the stimuli used to guide the ants through the maze in the present EN d 
ments, one would anticipate a ready discrimination between vertical and wap 
stripes. Ants, unlike bees, possess only very slight binocular overlap in their ape. 
fields. In the entrance alley, therefore. thc different patterns on the two walls d 
stimulate the two eyes almost separately. Although the total length of contour i$ ve 
same one would expect the vertical stripes to produce maximum flicker in one eye N 
the ant ran past them, while the horizontal stripes would produce a little flicker ae 
as the ant moved slightly in the vertical plane. The discrimination involved d 
therefore be between the pattern producing considerable flicker and the patter 
producing relatively little flicker, As predicted the distinction was easily learned. 
In the case of the diagonal stripes, one would predict that ants could not learn © 
discriminate in terms of the direction of slope. The tot 
flicker produced by the same 
If, as Hassenstein has sh 
the dir 


zes wil 
contours to these axes Wl 


nent is reacted to only as a vector by insects, Bu 
ill not be perceived. ‘The prediction is confirme 

crimination. also 
on between vertical and diagonal stripes were st 28 
y to distinguish different slopes of stripes in a 
produce. When contours of different lengths but betwee i 
S move over the same horizontal distance they sweep OY a 
areas which are equal (Wallace, i ams on the same base and ly s 
i - This means therefore that a sing 

xtent will stimulate the same tot? 
em for the same distance. Howev? 
ual rate of flicker will depend a 


in the two experiment 
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for example, it moved its head up and down vertically 


well as horiz — : 
z horizontal directions. lf, 
while r - B " " . " 
running, then its vertical scanning movement will cause more flicker from the 


e pattern than the vertical pattern. Again, this would provide a cue for dis- 

aa e a aie two patterns. A difference in vertical and horizontal ommatidial 

Hs aue jw also make contours of different slope differently effective as stimuli, for 

honte: à Pree of movement. A further factor might be the rate of change in 

dean oa ight to dark and vice versa: this will be greater for a vertical contour 
iagonal one for each horizontally moving ommatidium. 

light upon the mechanism of form per- 


This. seri c ; i 
his series of experiments throws à little 
us theories that this 


Mr àn insects. They are explicable in terms of previo l 
tío the PS is primarily based upon flicker, but since the movement of the ant relative 
seems pote was not precisely controlled, little can be said of the type of scanning 
SS m ary to produce such flicker. Perhaps a more interesting approach might be to 
: 1 atterns which are themselves flickering or moving. This has not been attempted. 
The experiments on transfer betw f different dimensions were 


d een vertical stripes 0 
one to test whether insects could allow for the effects of distance and respond to 
terns. The stripes used for 


discrimination were placed on 


a 1 
^ the walls of the maze, and both patterns are therefore present m the entrancealley. 
Was clear from the ant's movements and orientation that, after it has learned, its 


^s oice is made while in the entrance alley, before proceeding to the junction of the T. 
ie. the ant can move freely within the entrance alley, jt is sometimes closer to one 
Vall than the other, and the angles subtended by the stripes at the ant will vary with 
'ts distance from dum This raises the problem of how the ant can allow for apparent 
t differences depend upon its 


Siz, x Y ; 
e differences in the stripes- when these apparen 


dis 
Pew from them. 
nly two types of distance perce 


relativ ] 
ative proportions of pat 


ption have been described in insects. In using one 
of these, the dragon fly nymph (Baldus. 1926) seizes its prey by projecting its raptorial 
Mask when the image of 'the prey falls on particular groups of ommatidie red ES 
of its compound à cs When these ommatidia are stimulated, the prey is in fact at 
the correct ae for the mask (of fixed size) to strike it. Cine notava to pe 
* general type of mechanism for distance perception. The second method esi 


estimati ated by Wallace (1959) for the locust. This insect sways 
: ion has been demonstrate ying at objects before jumping on to them. The 


Its h n à 

5 head fr i i ;hile peer! 

distance Eu side to side Y ed y judged by the movement of a contour over the 
of the object 1$ app a s, and can be used to control the 


leti ; ralla: 
na. Tt : require parece» 
It does not seem to má Je object against à homogeneous background. 
ce in distance perception by 


Aeeur 
curacy of the jump towa" » 
ly be of ge 


Suc : 
puch a procedure could obvious 


sects, , . 
elit be FE oduced by ants as they run past a striped 


A simi i 

Similar s mi i : 
Pattern m scanning HM sd to measure its actual speed, but mer ely to compare 
le fat of dans eo contours over the eyes looking ae the per venim 
! movement of the A n of the rate o icker pro- 

th ; : i : 

, ann ant is also comparing the size 7 sary to haveaseparate mechanism 
rs asit moves relative totae P and the flicker produced by whole figures. 
easuring the v elocity of €? f moving figures and 


b the erception [0 
Tom Hassenstein's (1958) work, ! iil p Tf this is the case, one 
their velocit; i b rie ut by the same me 3 
‘locity may e car 
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would not expect the ant to be able to allow for the effect of distance on apparent 
iz , if- 
p E the ants did transpose between patterns of the same people rani | 
ferent absolute, proportions. Observations of the behaviour of = pens scent DA 
during learning these discriminations suggest a mechanism where 2» — alley 
accomplished. The ants were very frequently observed when in the e - «short 
to run close to one wall, palpating it with their antennae, and then, a on " all | 
distance, to cross to the other side of the alley and repeat the process on the other adul 
The behaviour gave the observer a distinct impression that the ants were eee | 
the stripes not simultaneously in space but successively in time, the — E ed 
parisons being done from the same distance in cach case. Similarly, pu : led 
run close to the end wall of the T where both patterns are present, turning bac "t | 
their tracks if necessary for a correct solution. Under such conditions the ant eee 
obviously use a temporal comparison of the frequency of flicker produced by the e 
equally close patterns, and thus avoid any difficulty there might be in alon id 
for changes in apparent size with distance. If this interpretation is correct it WO 


eeront | 
: f eins - Teren 
Support the suggestion that ants have no mechanism for size constancy at diff | 
distances, 


l 
It is perhaps relevant to 


for vertebrates. One significant point sce 


ai : , i eR. oss x v rapidly: 
conditions used, ants will learn visual discriminations of a simple sort very rapt for 
Their ability to learn to discriminate between vertical and horizontal ee the 
example, compares favourably with that of the cat, the rat, the monkey an 


also interesting that, like rats (Lashley, 1938) jo 
octopuses (Sutherland, 1957, 1958), ants have difficulty in discriminating Bent 
ope, although the mechanisms leading to this difficu af 
are probably different in all three animals. If ants are reacting to the quantities 


a 
5 5 sess © 
object it may well be that they do not guy 
mechanism which distinguishes figures from their background, Although the exP 


'tablish that some form of pattern discrimination exists, ib P 
studying the *floy 


w patterns’ produced by moving contours; 2» 
ant to steer itself, rather thana mechanism for identifying figures as SU 


ose 
consider the results obt 


" , P son to th 

ained with ants in relation to t i 
-periment? 

ms to be that under the experime 


well be that we are 
used by the 
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RECENCY IN TWO-CHOICE GUESSING TASKS 


By H. C. A. DALE 


Medic CRT C . : 

ledical Research Council Applied Psychology Research. Unit, Cambridge 

It «ean siio n 

no onan bo negabine seesi effects are found only in simple tasks where the 

natives varying frc RE from trial to trial. The experiments reported show that, with alter- 

dRisbrdlntiie 5k ds gin to trial under conditions where a simple, obvious rule appears to 

svitered EKG un I et alternative to a clue, positive recency is found. But, under conditions 
ies between varying alternatives which come from two simple categories. 


neg ive rec i 
gative recency predominates. 


Uf ti d Sent "au 5 š 
T a series of binary choices the subject’s guess tends to correspond with the 
i A event, he is said to exhibit ‘positive re On the other hand, if he 

8 to predict the event which did not occur on the previous trial, then he exhibits 


cency 


negative recency. 
ui ene; has been observed in a wide range of two-choice situations, both 
predict N nn nature of the events is explicitly stated, as when subjects have to 
Stenia si all of a coin, and where no information is available about the way the 
mene E generated (Cohen & Hansel, 1955). Thus it occurs when the experimenter 
that he rie that he is going to say check or plus’ on each trial (Jarvik, 1951) or 
Will be ae to switch on a green or a red light and the subject must guess which it 
ine, he icks, 1959). lt also appears 1m many studies of two-choice probabilistic 
"ens g as an embarrassment to theories of the kind advanced by Bush and Mosteller, 
Ex T Estes (Feldman, 1959; Cohen, 1960, pp. 38-9). . . . 
IM. Lice have been noticed, however. One of particular interest is reported by 
id "n in Which simple adjectives were used as stimulus material (Green, 1958). One 
‘ oe would be read out with the instruction that this provided a clue to a 
arget? which was another, related adjective. The task was introduced as a guessing 


same E ; 
Same, the sub jects having to guess what the target would be. In each case the target 
n of the clue. The sequence of events was either 


Was ei 
S ^ either a synonym or an antonyn c 
SSASSSAAAAAorAAA SAAASSS S S (S standing for synonym, A for 
antonym), Green found that if three synonyms had been given most subjects would 
and vice versa for antonyms. In a control 


pred; À 
edict a synonym on the fourth trial a 2 
, e experimenter would light at 


Condit: i 
dition, subjects had to guess which of two lamps the es ih 
Although the instructions for the two conditions 

he control 


Ca : 
e iel, a green one or a red one. Althong? Tt. After three span’ itd 
Con, amu similar, the results were quite di eren. 4 ;biting negative recency or, as 
"n ition most subjects predicted ‘green’, thus exhibiting neg rs y ^ : 
dim. Sometimes called, the :gambler's fallacy’. Green suggests t a d on Te 
pl erence between his experimental and control conditions um m, iw" pl 
th exity’: *.., although synonyms and antonyms do make a binary choice situation, 
a is still a Manna. amount of variety possible within these two classes. In the 
^: ms guessing situation, the subject appears to reject the win Pra re MAN 
top easy, whereas some sort of skill is required to finda ream a iom ‘ ol ne 

Goodnow (1955) compared behaviour in an insoluble two-choice problem solving 


ask wi +> gambling machine. In the problem 
With that i ‘one-armed bandit gambling me 
at in play on a one-ar den Pago. 88... 


| 
34 H.C. A. Dare d 
: "e ng p 
solving task differing sets of geometric figures were used, a pe eee eee 
sented together with two target figures, one always being nm d ja. m with, 
hie key. the other by omitting some parts. Her data mH nc e — 2 ini 
the gambling task. but neither positive nor negative recency yb a rronin 
situation. This led her to assert that stimulus variability was a critica 
feature: recency effects are found `.. where the task is seen | Save ia 
involving chance and where the stimulus on a given trial differs — pm 
on any other trial only in its temporal position in the series". 1 hus, whereas 
focuses attention upon similarity between sı 


-tell 
: : : x p some ext 
critical features of the stimulus situation. Both conclusions are to son 
subjective. They provide no way 


n 

of telling what subjeets regard as too Rm 
‘tasks involving chance’: so that, although seemingly reasonable, they give n 
for predicting when negative recency is to be expected "TU 
The present investigation took Green's study as a starting point. Its aim T 
determine more exactly the nature of the conditions which govern the form o veal? 
recency effect. A close examination of Green’s two contrasting situations rev 
that they differed in a number of ways. With the 
subject that only two alternatiy 
trial and they were ready-named 


ject as one 
seen by the subject as 


+708 
x : asiz® 
lecessive responses, Goodnow empha 


h 
. k . : sar to t 
lights it was immediately clear val ? 
E: <a é y ria 
es existed; these remained constant from t 


£ 
instructio” 
- With the adjectives by contrast, the instr a ch 
stated that the target was a related adjective without indicating the form 


> larg 
relationship, and so the subject had to select his response from an extremely bue 
number of possibilities. Furthermore, he was given no indication that the p e 
fell into two classes and was presumably unaware that an ‘either/or’ choice m t 
at each trial. Then again, the Specific target varied from trial to trial and it had ced 
named by the subject. Finally, there remains a distinction between choosing dire 


x n? 
> à i : . : E tree 
between two kinds of stimuli, and choosing between two kinds of relation, in G t 
particular instance betweei 


‘forel 
1 similar and opposite. These are distinctly peu 
aspects of the tasks Which could each Separately, or in some combination, deter 
the subject's reaction. 

The plan of the investigation was t 8 
task and then to modify i gative recency. In all the experimen to 
single pattern of events w. ; this was an extension of Green's sequer? 
SSSASBSAAAAAAA AA 


aS OS 


ty 


EXPERIMENT I pF 
+e 

. 1 € qe 

ine the hypothesis that di n? 

because his Subjects were glV | 

uld occur, 


The primary aim of this e 
unusual results using adject 


xperiment was to exam 
ive 
clear indication tha 


guessing arose 
t only two kinds of event co 


| 


Method, " | 
A - " 5 
The subjects were divided into three groups A.B y " ‘active gue” p? 
task, in which a clue led to & target, which a iter nie - t ein the ping (^ 
condition for Group A replicated Green's, The gun: ynonymous or opposite $ 
related adjective. Group B we 


re give 


af 
à ithe d 
n advance warning th be € igo. 
: "s i dva at the target would sie 
Synonym or an antonym. Group (: had similar advance warning, and class was emp” 
rather than the particular response word. : i 


DES 
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Printed instructions for Gr ee 
adjectives bere ks cme aes This is a sort of guessing game. I have a list of 
target word which is pica jon ign at atime. Each of these words provides a clue to the 
Adjective; sour job isto try adjective related to the clue in some way. When I give you the clue 
3 J s to try to guess what the target adjective is going to be. So write down the 
and beside it write down what you think the target iine 


elu ^" tes 
te adjective as soon as I give it 
Isee you have all finished I shall give 


is. WI] 
jen y ave 3 n 
you have done this raise your hand. As soon as 
Always try to guess what the target is going to 
S gomg 


you the answ 
© answer and then go on to the next clue. 
it down after you have been told what it is, 


be even i 
iR E icd am nu mat very sure, but don't write 
Fort "oup B the fa ^n the experiment is lost.” 
thet. tiie fantd i ollowing sentence was added at the point mark 
wet has either a similar meaning to the clue or else is its opposite’. 
was inserted, and in addition: ‘The important thing is to 
This matters more than complete accuracy, and if you 


3 T P 
ed *, above: ` You will notice 


m. bores C the foregoing sentence 
cannot nimm will be, similar or opposite. 
At tho v mm nakunl word just put * 
the subjects ipa — after the experimenter had discussed the purpose of the experiment, 
Tho hy es to describe briefly in writing the way they had carried out their task. 
the list of hee y Wh in two parts in order to counterbalance the material. Table 1 shows 
correct in Part à in 2 y oe a synonym was the correct target in Part l an antonym was 
words-wns seriis o tl is way contamination of the results by & preference for particular target 
batches were er : d : Subjects Promo all three groups yer tested simultaneously. Two separate 
eleven female oe oyed; one in Part 1 the other in Part 2. Thesubjeets were twenty-eight male and 
le volunteers from the G.P.O. Training School at Bletchley, Bucks. Their ages ranged 


from 16 to 50, 


‘similar’ or opposite "^ 


Table 1. The lists employed in Experiment 1 


Targets Targets 
i ————— RE. ————— 
Clues In Part 1 In Part 2 Clues In Part 1 In Part 2 
2 E UM Slow Fast 11 Expensive Dear Cheap 
3 te ide Narrow Broad 12 Old Ancient Young 
{ rane Sad Happy 13. Nice Pleasant Nasty 
5 A Weak Strong 14 Tiny Small Big 
G iim Bright Dim 15 Hard Difficult Easy 
7 os 8 Dry Damp 16 Taut Tight Loose 
à M Long Brief 17 Hazy Cloudy Clear 
9 zu Evil Good 18 Angry Cross Pleased 
io e Close Far 19 Rare Uncommon Common 
ligh Tall Low 


Results 


ee critical feature of the results is the response at trial 4, when the first switch in 
© sequence occurred. Subjects exhibiting negative recency are correct on this 
trial. If, on the other hand, they expect the regularity of the first three trials to 
as they will be wrong. The results are given in Table 2 together with 1% 
: nomial sampling limits which provide a guide for judging the significance of devia- 
tons from chance levels of correct responding. For Groups À and B there was clear 
evidence that subjects expected the regularity to continue. 


Group A responded in the same way as Green's adjective guessing subjects, which 
is were being duplicated. The similarity of Group 


is : 
ms be expected since his conditio: i Re 
"S behaviour indicates that this cannot be attributed to their ignorance that a 
Mary choice existed Positive recency though the subjects have been 


tol 

k that each answer is either a Synonym grum " 
Group C gave a usb weaker’ positive recency T al 4. y hereas 1 out 
of 13 in Group A, and 1 out of 13 i rere correct, 6 out of 15 were correct 
; i8 


. n Group B w : A 
m Group C. This difference betwee ad B, and Group C is statistically 


occurs even 
antonym of the clue. 


esponse attri 


n Groups A ar 
3.2 
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significant (P = 0-019), which suggests that the inereased emphasis of this instruc- 
tion had the effect of making some subjects respond as they would when guessing the 
fall of a coin. But it must be noted that this statistical test is post hoc. A point of 
did not occur because subjects in Group C wrote 


interest is that the difference 
one subject on one trial made use 


‘similar’ or ‘opposite’ instead of an adjective. Only 
of this facility. 

The response on the second reversal of the series provides additional evidence, 
although its interpretation is less clear. Up to trial 4 subjects had experienced a simple 
run and their reaction to this run was registered by their fourth prediction. The 
reversal at trial 4, however, broke this run, so that the first seven outcomes formed 
the sequence 0 0 0 1 00 0. Subjects could therefore have predicted correctly at the 
eighth trial either because they employed negative recency. and the fact that this 
has led to correct predictions earlier in ihe series might strengthen it, or because they 
expected the pattern 0 0 01 to be repeated. Similarly, incorrect predictions could 
arise for a variety of reasons. The subjects could have accepted the general regularity, 
discounting trial 4 as an error. Alternatively, they could have noticed an incipient 
9001 pattern and assumed that no such pattern should exist in a guessing task, or 
that this constituted a trap laid by the experimenter. 

In Green’s experiment, performance at trial 8 was similar to that at trial 4, but the 
effect of the switch was slightly weaker in both his adjective guessing and his light 
guessing groups. The effect on Groups A and B of the present experiment was almost 


as strong as that of the first switch. With Group C the effect was stronger, So that 
the behaviour of this group 


became more similar to that of the other two. The pro- 
Portion correct on this trial was not significantly greater than that in Groups A and B 
(P > 0-20). When the responses at 


both reversals are taken into account, Group C 
would appear to resemble A and B. 
^ rcely because of the 
Ar is j ? ments „resented problems, largely ; ; 
os gate ir ocn d upon only their initial reaction, 


varying n. Some commente 
ature of the sequence. 
Some upon their confusion when the switches occurred, and others upon the final run. 


A relatively frequent comment was ‘I put down the first ae baa cm d 
head’, Such free associating WaS reported by five subjects ot Ut oup Ay r Ret 3 
B and five of Group C, of whom four, one and two respectively were wrong e A " 
A number reported ich g the regularity they detected in à peri "ys E «a Pr 
Way. Thus one subject of Group B et = oe oe Y me es dud kds 
sequence wrote: ‘To begi with I was 100 king for op . 1 os 
for some time but seen eventually to the idea ‘thas a m darem. bie 
finally wanted similar adjectives > This subject had persisted with this simple sea: 

for ri = z 1 1ence. 

for regularity despite the reversals in the seq" + them so fully that they were 


indi : : cupied some © i 
Finding a suitable respons? senili oue subject from Group € 


me i i task. Thus one 
inattentive to the sequential aspect of ane i cereus ios de 


Votes "Mana goncerned with apes s what the target would be’. With 
quently were the opposites, th curred automatically: 
Some, following the form of rel 
When I realized an answer was ° 
Opposites. .. `. 

Two members of Group À cl 


pposite 


:med to have sought some complex rule. One of them 
aim t 


38 H. C. A. DALE 


N ». 
5 Prax hink I we 
t: `I was looking for a rule which was not very straightforward. | e ate ub 
ses i i i > rule” des 
ad to guess the aim of the experiment in order to find the rule’. But a esi in 
: PORE sera sr 
a pared aim to attempt to out-guess the experimenter this subje * " "pert 
Pci to the sequence beginning AA A S: AA AA A : A > AA l ii 
i ri and 8, and he eventually changed anc ran 
thus he was wrong on both trials 4 and 8, and he de habe, "Phe amidat 
final run of synonyms. The other subject mentioned behave similarly. 
cation indicated in their comments w: 


as not matched by their behaviour. - 
* of subjects: 
Looking for patterns in the Sequence was reported by a number of subj 
i ' ‘ 
of Group A, five of Group B, and two of Group C. 


behaviour of the sort that is associated with the gi 
Group A stated: ‘I was thinking on the 
opposite, but not knowing whe 
subjects of Group A, none of ( 


One or two indicated guessing 
wmbler’s fallacy. Thus one — 
lines that you were going from ip 
n decided to stick to opposites”. Altogether 


amt ENIS kind. 
iroup B, and two of Group C made reports of this k 
Similar comments have been reported by Cohen (1960. p. 36). 

When the 


il 
. ; p the genert 
written comments and the choices are considered together the g 


of 
picture which emerges is that the subjects were preoccupied with the m 
generating a suitable response word. The correct answers gave a pattern whieh ine 
vided direction, and there is some indication that this was followed ia^ 
But the fact which must not be overlooked is that when an individual's comme 
were related to his choices they did not always match, 


EXPERIMENT [I pject 
all the conditions used in Experiment | was that the won 
ggest a target himself. In the typical 2-choice guessing task, t the 
argets are suggested to the subject, who merely has to pick ou 
one he thinks will be correct on a particular occasion. 

There is Some evidence that when subjects have 
inclined to repeat responses of simil 
noted in the writ 


A significant feature of 
actually had to su 
ever, the specific t 


au 
ins ey " 
to produce responses they 


NEZ 
ar kinds rather than vary their output. This rhe 
ten comments of a number of the subjects of Experiment 1. nt? 
phenomenon has also been demonstrated in seria] reaction time experime cb 
(Bertelson, 1961). It is possible, therefore, that the incorrect predictions that subje i 
made on the reversals in Experiment I, and also in Green's original investigati? 
were due to the response set induced by the preceding runs, This possibility “oi 
investigated in Experi general plan was to duplicate the conditions 


"M ise "^ «pec 
ects pick out the target from a number of sP 
produce a word, 


Three Eroups of subjects were 
clue; a Synonym, an antonym, 
which were quite unrelated, Th 
for each clue, a Synonym and a 


used, Group D Was 


Dn 
. r eat 
8 given 


0 
a nid th 
1 rhymed with it, ere i 
Group E had two possible i 2 ad 
se being jumbled. Group F go um? 
f + Synonyms were 1 3 and © 
right. The materi y yms wero all in the left ha 


Subs D and E is given in Table 3. n 
j ] nted instructions adapted the ; & ‘tions ane 

r : : » m fo) 1 " 1 ns t e 
different source of subjects. Revised instructions read: “T 7 the difference in conditior a 
a list of adjectives which I 


his is a Sort 


of guessing game. 
a time, Each 


1 
nv 
-o vide? 
of these words prov 
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Hes ve 
clue to à target word which is another adjective related to the clue in some way. When Igi 
you each clue adjective, vour job is to try to guess what the tar, c j eec bra 
will see on the next page that you are given a number of alternatives for each cl : i a 
will be one of these. Write down each clue adjective as soon as I give it, then pik E inerte A 
tive which you think is the target and mark it by putting a ring round it. I he ge. nmi di 
written in the first Space; its target will be among the words on the first linc. ‘The s 
goes in the space on the second line and its target is 
As soon as you have picked out what you think the 
so that I know you have finisher 
then read out the next clue." "-— 
The experiment was conducted in the same general way as Experiment I. Su esate 
tested in two batches. Each batch was split up by assigning roughly equal numbers of paa ‘al 
to each group. The general procedure was the same for all groups, the only difference being 


z mer ot 
the printed instructions, 80 that all three groups could be tested simultancously. An invigilat 
checked that the subjects guessed before the answers were given, 

The subjects in this experiment were young enlisted men, 
quested from them. 


: A ^, You 
get adjective is going to be. Y 


: : so on. 
among the words on that line, and s up 
target will be and have ringed it, look 


wer nn 
1l. When you have all finished T will give vou the answer t 


ne not T€ 
Written comments were nt 


Results 

The results are presented in Table 2. 
subjects expected the runs to continue 
tendency to predict continuity of the 
rather than to choose between t 


á cp ; the 
It is clear that under all three conditions e 
on trials 4 and 8. The hypothesis that * 


, words 
Tuns was due to the need to produce WO 
argets must therefore he discounted. 


ExPERIMENT [II it 

> spal 

factors were varied independently. In this W puit 

was shown that behaviour was only marginally influenced by forewarning pans 
that the target would always be either a Synonym or an antonym, and was qU 

unaffected by offering them alternatives from which to choose. 


In this third experiment both factors Were varied simultaneously ; subjects WC 


: core 
told that the target would be eit ym or an antonym and were offer? 
Specific alternatives from w : ` 


In Experiments I and II two 


her a synon 
hich to pick, 


Method 

Only one group of subjects w 

counterbalanced lists. The materials ang Beneral proc 

Experiment IT, but the lists were headed ‘similar’ 

made to instructions. The middle section of the 

and replaced by: ‘When I give you each clue 
target adjective is 


re. d 
as used, Group G, The subjects were run in two batches. ust 
edure were the same as for Group gai 
and ‘opposite "and minor changes were lote 
© instructions for Experiment 1I was - the 
going to be. You will soe on dete: your job is to try Vo guess call 
atives for each clue, one of which has a Similar pei P aedes E inue s 
target will always be ono of these, Wri ud E "nue Other is itg os it, m 
pick out the adjective which you think is the target and ss i ide nm ing e in : Sond i s 
first clue has to be Written in the first space; it; arget will Se Sarees ee. first 
on the second line and its target i Stang the words or 


enlisted men, but had not partic 


The subjects were again young ipated in t] li „periment 
‘pated in the earlier ex 


Results 
The pooled results from both | 
subjects predicted the continu 


datches are given in Table 2. 
They did not make a 


manuation of the first run as in the 
similar response to the Second run, 


t 
ha 
It can be seen Ë 


: jmen" 
previous expel n j be 
c 
however, [t cou 
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argued th: dife : 

positive a eo approached the task prepared to detect and make 
clearly labelled T z y. à ne first reversal led them to reassess the situation. With 
In Experiment I en : (ut enel provided strong evidence against simple regularity. 
s inconsistent. wm RUE for themselves whether the target at trial 4 
Sii used. It is likely i dus ese beer "€ Lan iam) m yita Pe 
1 Parii] becanse fios viue bere ams ances that they would discount the 
The same conia. es k no comple tely sure that it conflicted with the hypothesis. 
Were provided te i : 2 inn in Experiment M, where, although the target words 
this nanie E n 3 jon was not specified. Tt is not unreasonable to suppose that 

usted. re see only appear with lists labelled ‘similar’ and ‘opposite’. 

present pde e cha trial 4 were the same as m prorions experiments. In the 
The tasks of Ex oe ubjects were told that targets were either synonyms or antonyms. 
to discover this p jm II were more complex to the extent that subjects had had 
the idat e s for themselves in order to ba able to detect and make use of 
complexity inde n first three trials by trial 4. Since eliminating this aspect of task 
buted to it. akes no difference, no influence on tT trial 4 can be attri- 


esponses at 


ExPrRIMENT IV 
ar to those of the usual two- 


still more simil 
uld predict the specific word 


To om. 
nu experimental conditions c 
designated jos. Nein the requirement that subjects sho 
Subiects "ian sanget at each trial was dropped in this fourth experiment. Instead, 
Similar or o required merely to indicate whether they expected the target to be 
y its het cire in meaning to the clue. Thus each response was distinguished only 
gambling t; i in the series. W ith this modification the task now resembled Goodnow's 
mtn i k, and alternation might be expected rather than repetition. Goodnow, 
that miim a describing the critical conditions for alternation, added the proviso 
she ‘teen in s react in this way when they see the task as one involving chance, but 
ed no rules for determining when this interpretation would be given. 
Method 


n a counterbalanced pro- 


One op . , 
tede EE of subjects was used, Group H. Two batches were run In, i 
s and the same lists of targets as m Experiment III. The 

re given orally. They recorded each clue 


Where the same list of clue 1 ; 
LS MAD a blank sheet of paper; all instructions we 
lave , SES ead out and then put Sor O to indicate whether they pre 

? similar or an opposite meaning. After each target was given, 
, > or "That was opposi 


fir 
med its x : AME 

its relation to the clue by saying ‘That was similar i 2 C 
isted men who had not participated in the earlier experiments. 


dicted that the target would 


Subje 
the experimenter con- 


The sun: 
subjects were young onl 


Results 

are clearly diffe 
; Experim 
tly more were corr’ 


rent from those of the earlier 
ent I. Comparison. of the 


r 
Th 

ue : i 

results are given in Table 2 and 

ect than in Groups 


expan 

ne nts with the exception of Group e ir 

A, B, D ae on trial 4 shows that significan 
Although F and G (P < 0-025). i — nen” 

tepresent th these results differ from those we 3 E sly, the) 

umber the pattern Green found for guessing lights. 

Tiea er should have been correct On trial 4. These results $ 
ative re 


early do not 


ace for this an overwhelming 
ositive nor 


how neither p 


ceney. 
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EXPERIMENT V — 
A feature common to all of the conditions used in Experiments l ———— ise of d 
3 i ject had to guess whether the relation linking the clue to the Ms : pipi 
pn he other similar or opposite. This is yet another way in whit f dbi 
re -— iL task differed from most two-choice guessing situations. In 
ae experiment this difference was eliminated. The 
but instead of having to guess the 
decide from which of two lists the t 


. verni 1880s 
same material was again 1 ate 
* : jects had only 
direction of a relation, the subjects had 


arget was taken. There were no clues. 


Method 
One group of subjects, Group I. was used in four batches. T] 
lists of possible targets, headed A and B. 
of guessing game. I have a list of 
list is made up of words from the ty 


e /o 
sith tw 
10 subjects were presented Pina sort 
: :CDhis is a 807 
'd above them read: * This "his 
1 be 


Instructions printe at 
adjectives which I am going to read out one at ia d vil 
vo lists A and B which are on this page. The first worc Jc is t 
one of the two top ones. The second will be one of the second pairs and so on. Your task 
guess which word from c; 


ring 
$ " ing ari 
ach pair is on my list. Mark each word You guess by putting 
round it. Only mark one at a time, 

and look up. When [ see 


as you have made 
all finished T will read 
on to the next pair. Always make a guess even thou 
When the run was completed, subjects in t] 
description of the way they 
batches were c 
and IV. 
The 


^1 down 
As soon vour guess put FO panel a go 
that you have out the answer, You will e be. 
gh you may not be sure which it w ; 
iree of the four bg 
had made their choices, 
ounterbalaneed, The targe 


rite a brie 
itches were asked to y A Tanal 
As before, the procedures for di 


g ^«nerimonts 
ts were the same as those used in Experim 


subjects were young enlisted men who had not Previously served as subjects. 


results 


en that under the 
0-choice guessing situa 


From Table 2 it can be se 
just as in the usual tw 
at trials 4 and 


employed in Experiments T II 


'$. 
dons . — yecur 
Se conditions negative recency d lenly | 
3 prs d 
tion. Performance improved Se iion 

* & : 1 
€ it had deteriorated in the conc 


Way they made the 
Y-six subjects given this c 
- Some made abstr 


ed 
i icti equest 
ir predictions had been reqt 


e 
os : :esnond 
ondition. Thirty-seven resp 

use observations ; thu 


- of the 
Sone wrote: ‘T try to think of 
as putting rings round 


saate 
-—; 
the unpleasant’, Ten indi ord$ 
. Ww 
o use the meaning of gee 
ave used ‘cuesswork’, ‘ta 


7g 
5 xn ter 
: : One thought that the experimen 
intonation pr s 


This condition is clearly disti, 
the critical trials, 4 and 8. Thi 


es at 
arlier ones by the responses 
task comparable to 


4 ing 
S made the adjective gue e 
ial factor would appear to be po th 
the other instead of predicting 
tanda clue, 


k items belo 
relation between a targe 
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"— DISCUSSION 
ipu pa id m ri dempnsiraten that it is possible to produce both 
E E n im he pos using material in which the specific alternatives 
confined to situations » vin Set = — i ae a cee mee a 
tion in See ns can be identified only by their temporal posi- 
a jot? * 

"e : inscio chiang prion which induce positive recency and those which 
molii saa p c is exemplified by conditions G and J. These conditions 
AP E diffe renees in behaviour yet were similar in many respects: (a) the 
s occurring as targets on each trial were precisely the same; (b) the 

aware that there were only two 


dhoit was bi 

Pathe tr te in each case and the subject was 

the mir. * dins e Loi of classifying the possibilities remained constant throughout 

‘opposite’ by indien clues, the choice always lay between ‘similar’ and 

Similarity a de M X^ clues, it € lay between left and ‘right lists. Thus the 

some fastos 7 ked. Yet since the tasks differ in their behavioural consequences, 

ifs he : "ibam must distinguish them phenomenally: There are two related 

two kinds T ween them: the use of clues in G but not in J, and the choice between 
s of relation in G as opposed to a choice between left-hand and right-hand 


lists in dy 
t of these differences it is necessary to consider 


bserved. Although opposite reactions 
to conclude that the response 
we but of opposite polarity. It is more likely 
re. In condition G. and others like it, the 
inferred that a law was operating 
ndition J, on the other hand, a substantial pro- 
'esponded as when gambling, and the 
arity resembles the response to runs 
1951; also Dale, unpublished). 


In 

order ] 

then rder to assess the possible effec 
atterns which were o 


ature of the response p 
ls it would be false 


Wer 
e noti > ; 
Patte 1oticed at the critical tria 

ns were generally similar in natt 
different in natu 


the 
it the r 

the responses were 
ig regularity they 


sub; 

ai son rules; on discoverit 
Portion — to use it. In co 
response t the subjects indicated that they Y 
i Se that this group as à whole made to regul 


in; 

itte : s p 

T} empting to predict random events (ef. Jarvik, 
e ambiguous response given in condition H can now be explained. The presence 


[n 
e, led subjects to abandon any tendency to apply gambling habits; they 
ched for a rule instead. But, a8 they had to write S or O instead of finding a parti- 


cular isti i 
ar target ad jective they sought some characteristic of each clue which would 
al whether 5 or O was appropriate for that 


allo 

id n a fa 

Parti them to predict at each individual tri ap 

leular occasion. Since n9 such distinguishing characteristics existed, their 
and any hypothesis they tried out was bound to 


a ttempts were b 1 to b fi uitless 
` bound to be Tull 
teria of success employed in 


Yie] 

d cho; 

"De ey hoices which were random w 
Xperiment. 


ith regard to the cri 
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ON THE SOLVING OF CODE ITEMS DEMANDING THE USE 
OF INDIRECT PROCEDURES 


By ALISON C. CAMPBELL 
Department of Psychology, University of Edinburgh 


Subjeets i " , 3 " 
jects in experiments using categorization and matching problems have been found to 


Thee difficulty with procedures that are indirect, and involve transformations of data. 
ie present study finds this difficulty to extend to compound code items, many subjects not 
being able to cope with the type of indirect procedure that solution of these items was made 
to entail. It is suggested that the difficulty stems from a need to work with equivalence classes 
that are negatively defined and purely verbal, or the fact that the data transformations called 


for involv A 
involve a change of logical subject. 


Subjects in categorization (concept attainment) experiments markedly prefer 
direct to indirect tests of the hypotheses they propose (Bruner, Goodnow & Austin, 
1956), An hypothesis is proved indirectly through elimination of all rival possi- 
bilities. Consider a subject who, faced with two mutually exclusive alternatives X 
and Y, assumes that alternative X leads to the desired goal. The direct test of this 
hypothesis is to try X. The indirect test of the hypothesis is to try Y and, according 
as Y does or does not lead to the goal, to draw an inference as to the tenability of 
the original hypothesis about X. The preference of subjects for direct tests is found 
to persist even in circumstances where, unlike the instance just cited, indirect 
Procedures would be more appropriate, economical and efficient. Bruner ef al. 
Suggest that avoidance of indirect procedures may stem from an appreciation that 
errors are liable to be made during the ‘in the head’ transformations of data that 
indirect procedures entail. They further suggest that avoidance of indirect procedures 
may well be general to à variety of cognitive activities, and not confined just to 
categorization, Whether subjects are unable competently to cope with indirect 
Procedures, or merely unwilling to attempt their use when direct—although pine d 
laborious and inefficient—alternative procedures are available is left an open question. 

Relevant to these pects is a study by Donaldson (1551), Bubjute ware sekol © 
Construct a set of statements which, taken together, would gi 


ve sufficient information 
for five objects (4, B, C, D E) to be matched one to one with five other objects 
(a, n a pat has ‘A goes with a’ (A = 


5 b; c, d, e). A positive statement suc i : z eee 
? points, A negative statement such as ‘4 does not go with b (A = ) J y 
l point, Subjects had to try to make as low à score as possible, which means t a 
negative statements had ‘ S one status’. The most economical solution jane 

er [ss 1)+(n—2)+ (n d 41] negative statements which, for n = 9». works 


Out 
at 10 negatives. For example: 
(10) D+e 
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" ste 0H 
An optimal solution implies the derivation of positive eatin ee F 
negata ones. Thus statements (1)-(4) lead to the derived positive neo unu 
Prom this derived positive statement can be further derived the — ves positive 
B + a. This, in conjunction with statements (5)-(7), leads toa secon ¢ je eeu. ith 
statement B = b, ete. This sort of transformation sequence "o i iypitalli 
culty for school children and college students alike. Some sort of ‘bloc ait 
Ocerred after the derivation of the first positive statement (4 5 A r 
suggests that perhaps so strong a feeling of finality attaches to positiv P ves of tho 
that subjects fail to see them as means to further ends within the framew: 
problem. Positive matchings are after all the ultimate bisce 
second possibility is that negative information is, in a somewhat irrationz 
distrusted as a foundation for transactions that are at all f 


ar-reaching. ive 
sit 
i i i iG ^, containi ' or more pos 
With solutions of less than optimum economy, containing one or n 5 a that 
Statements, there is scope for transformations in the direction opposite 
considered above, i.e. from a giv 


statements which, in turn, le 


i BS 
end of the endeavour. ; 
ays 


ð 
MH RE gati 
en set of positive statements may be derived neg 

ad to further Positive 


(1) d=a (2) B=6 (3) Cad 


ants 
From the positive statements (1) and (2) may be derived the negative n iy 
C +a and C + p, These, in conjunction with Statements (3) and (4), enab ven? 
derivation of the positive statement C = ¢. This sort of transformation eon of 
occasioned no undue difficulty. The Suggestion of Bruner et al. that gu ans” 
indirect procedures stems from awareness of the risk of error in the course of yet 
forming data is accordingly rejected. There is risk of error in all lancegrsmedpme 
subjects displayed ineptitude only with transformations involving the develop? 
of positive Statements derived, at an earlier st. 
ments. Only three sub jects attempted an all- 
encountered difficulty and introduced i 


s. Take the solution: 


(4)}C#e (5) Dee 


1 
a z ae ae , aldso! 
positives despite their high ‘cost’. Dona tak 
takes this as unambiguous evidence of inability (ag opposed to unwillingness) to 
full advantage of the tr: i 


practice. 


EXPERIMENTS WIT 


. 300)" 
The experiments reported here follow from those of Bruner et al, and Donalds"” 
They seek to determine (a) 


; p pr 

> avoidance of indirect s 

cedures extend to the Solving ound code items, If so, (b) what is the locus 
the difficulty? And (c) is it i ili 


ope therewith, or unwillingness to make 
attempt, that leads to the avoidance? 


H COMPOUND CODE ITEMS 


Test materials 
The code items consist of five 5 


-letter word, 
versions listed vertically, 


. 1 le 
c i s listed across the page, with o 
In a different order 


sterar) 
» underneath. The code is arbit! 


Karm Solving of code items 47 
€. not based on any r ! 
a n any rule of alphabetical sequence) and solution is dependent o 

n 

The coded words are in- 


structur 

ral r: or i 

al rather than semantic features of the words 
and unequi- 


complet 
e, but contain suffici a of a 
contain sufficient letters for the attainment f a unique 


vo i 
cal solution. For example: 


(1) FoLKS (2) TABLE (3) DRIFT (4) LIBEL (5) STEAK 


za diet C) 
os a t} 
g o S C) 
E = vB C2 
à diu N 

Item (i) 


[6] [9] — > 
Pena wre soe fourth positions, and could stand for F (the first coded word 
TABLE and Mile 3 T ama the fourth FOLKS) or for L (the first coded word representing 
stand for D. H ourth LIBEL). Q occupies first and third positions, and can only 
first; dicens ence the third coded word is LIBEL and the fourth FoLKs (and the 
hasa Uin iuis Since C - Q - U is FOLKS, U stands for S. The fifth coded word 
TÖRE cu vi 8 position and so must. represent à word beginning with S. Of the two 
yet unidentified only ST rent. The fifth coded word 


is therefo rax meets this requiren 
fore STEAK seen lil WM» : 
be TABLE, z and the coded word for w hich no letters are given must, by default, 


Ten ite desc 

sets o p similar to Item (i) constitute Test A. T 

hd i but with a slightly different choice 
ite Test B. Item (i) for example becomes: 

(4) LIBEL (5) STEAK 


y 


en further items having the same 
and distribution of coded letters 


(1) rorxs (2) TABLE (3) DRIFT 


mous = ( 
ad - ( 
g =a d=” ( 
"AN NS ( 

- ( 


———— RP 


Item (ii) 

r of U's from ]tem (i). 

as before, but STEAK A 
oded letters against p 
ded words since no 


nd TABLE can 
airs of letters 
appropriate 


A sin z . 
ma. X and a single J replace the pal 
no lon S, LIBEL and DRIFT are identified exactly 
ger be identified by matching up pairs ofc 


Oceurr; 
Trin i mc B 
letter-p 8 in the same ordinal positions m the unco! 
pairs are given. Turning to the single letters, since Q- - J - i$ LIBEL therefore 
€ Ə 5 
If the coded counterparts of STEAK 


t known. 


than arbitr his can, in terms of 


J Sta; 
nds for 
ds for E. What X stands for is nO 
ga positive 


and v 
the Rees : are to be identified by other a à 
instance o. given, only be accomplished indirectly. X, as well as bein 
rom tl of a class of letters unknown» js also & negative instance of the class of E s. 
Statem le positive statement “J stands for B (J = # can be derived the negative 
ent “X does not stand for E’ (X + E). The latter may alternatively be 
F). The fact that the second 


expressed į AT 
sed in positive form as ' X stands for nt- E (X = E) 


ary allocation t. 
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Cc 


at it 
coded word has an X in third position can now be inen to rin mai 
represents a word that does not have an E in third position. 'This P gis a 
Hence the second coded word is TABLE and the fifth STEAK, c t rici ur al 
This final stage of the solution sequence is indirect in the sense in whic i ae 
use the word: it involves elimination of all (here only one) — r — e 
he showing them not to be the case. In addition, the elimination is achi 
tesisfanatians of data akin to those discussed by Donaldson. 
The first five items of Test B are similar 
five items has only one letter-pair 
could be restructured as follows: 


" aining 
to Item (ii) above. Each of the qr 
among the coded letters, In illustration, 1tem 


(1) FOLKS (2) TABLE (3) DRIFT (4) LIBEL (5) STEAK 


: Q J C) 
- X = - ©) 
Q ( } 
C = & C) 
U = M - ( ) 


Item (iii) ; 

Solution of Item (iii) is far less direct than for Items (i) and (ii). There is a ae 
demand for elimination of alternative possibilities, and this entails much mes 
lation and transformation of data. That no item in Test B is soluble without some Me 
of indirect procedures is in contrast with the tasks used by Bruner et al. and Danai 
In their tasks direct procedures could always be used, albeit at high cost or F 
expenditure of excessive effort. Success via the use only of direct procedures , 


"eg 18 
precluded for Test B items; the only alternative to the use of indirect procedure 
arbitrary allocation, 


Experiment Procedure and results 
1 ; 1 ore 
Seventy-nine first-year Psychology students at the University of Edinburgh V » 
assigned at random to two groups. One group (N = 39) did Test A; the other groU* 
(N = 40) Test B. A 20 min. time lim: imposed. Both tests were prefaced °° 
two sample items, neither ; 
items involving indirect pr en oi " Test B n? 
; k Sven straight off, and Tes i 

found unduly difficult, it would r i B 
culty might have been found had 


i Solving of code items 49 
his is due to some diffi ; ; PT ` 
‘erate o some difficulty inherent in the indirect procedures themselves, or merely 
cause the subjects lacked: e : s x . 
jects lacked acquaintance with : snow FOOTIE 
recline. | e with and knowledge of the appropriate 


for Tests A and B in Expt. 1 


Ta i 
ible 1. Means. ranges and error ratio 


Test A (N = 39) Test B (X = 40) 
Mean Range Mean Range 
Single words correct 18-3 0-50 12-9 0-32 
(maximum 50) 
Whole items correct 34 0-10 1-9 0-6 
(maximum 10) 
Words attempted 19-6 0-50 15:9 0-35 


[D ratio (% of 
words incorrect) 


‘or 
120/636 = 18-9% 


d Bin Expt. 2 


and error ratios for Tests Aan 
Test B (N = 20) 


Table 2 
2. Means, ranges 


Test A (N = 19) 


Mean Range Mean Range 
Single words correct 19-6 0-50 Ts id 
(maximum 50) 
Whole items correct as a= a 
(maximum 10) 
Words attempted 21-6 10-42 s mà 
5% 73/328 = 22:390 


Error ratio 39/411 = 95% 


vperiment 2 
Thirt 
did Te 
Item y 


assigned at random to two groups: nineteen 
st A; twenty Test B. Test B was this time prefaced by an additional sample 
in gen solution is partially indirect. The solution of this item was gona through 
; and every effort was made to ensure that the data tr ansformations involv ed 

Test B. Conditions were otherwise 


Y-nine first-year students were 


Were full : 
ia y understood by the subjects doing è à 
ond as for Expt. 1 d ierilin appear in Table 2. Performance on Test B is again 

feri Sk significant beyond the 5 9/ level both for 


ov in West in Test A, P De wei The difference in difficulty 


num] 

der of w i correct 
words and ber of whole items € ; 

Je and number s P Š " 

tween Tests A and B is just as pronounced as in Expt. 1, if not more 80. Certainly 


it Sn "— ; 
, Em Not been reduced by the provision of instruction the use of indirect proce- 
a (Compare the finding of Bruner et al. that despite detailed explanation ig 
in of disjunctive oonaapte subjects persist in making choices and Pr aoe’ 
On in wa ‘ E ; Tt could be objecte that a single 

s YS specificall ited for disjunction.) k à 
Sa : pecifically unsuite s 1 
WE us item involving T direct procedures is scarcely sufficient to acquaint a 
ann with but, even allowing this objection, there would still seem to be difficulty 

clated with or inherent in the indirect procedures themselves. 

DisccsstoN 


cility in the use of indirect pro- 


Experi 1 
"^ perimer + lack of fa 
cedup nts 1 and 2 have shown that i° A ducis B 
dureg does extend to the solving of compound code items. And since on Test 

f G EAE: S 8 rt from chance successes), the high 


one 
1r z 
nus fail (ap: 


4 


t either = " 
jer use indirect procedures or vun. Hage OI 


failure rate is strongly suggestive of inability on the part of the subjects EN 
The possibility does, however, remain that failure was preferred to : n i ometime 
indirect procedures entail. As Bartlett points out (1958, p. 84) subjects so all that 
convey the impression that they cannot do anything with a problem when 2 ad 
this really means is that they are not sufficiently interested to go to the trot 

| 
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working out what to do with it. 

That the difficulty of the Test B items is du Pact: AO 
can be seen by comparing the error patterns for the two tests. Errors on Test E »" 
few in number, and so distributed that no one word in any item is wrongly pete 
more frequently than is any other. Errors are due mainly to ‘carelessness’. Subj 
rush through the items and do not bother to che neer 
are far more prevalent, and no longer mainly due to carelessness. They are conce, 
trated on words whose identification entails the 
would seem that subjects are brought to 
guessing. On the first five items of 
be identified by direct matching o 
chance of guessing incorrectly, 
also a 50%, chance of guessing 
failing to work eliminatively 
than the error scores alone sugge: 


_ . "ue -oceduré 
e to their involving indirect proce 


: s caveat Test 
ck their solutions. Errors on 


use of indirect procedures, -T 
a halt by these words and resort is allt 
Test B, where only the final pair of words we " 
f coded with uncoded letter-pairs, there is & : js 
This contributes to the error scores, But ther? 
correctly, ate! 
essing is almost certainly E , 
st. On the five remaining items of Test B the ep 

ng procedures has increased ww 
six possible matchings of three coded with ua | 
of chance success is now only 1 in 6, Unfortund ^ 


: ms could not be studied be 
to attempt them in the 20 min. allowed. 


Turning now to the nature of 


A : ots had i 
cause few subjects hac 

t 

: qire 

" — , , dire", 

the psychological difficulty associated with it t and 

procedures, an important contributory factor is a lack of appreciation that © 

Instance is, simultaneously, a member of more 


at the same time, B’s and C's and ... Zs, mol 
simultaneously of two different classes has been demonstrated repeatedly by n p 
e.g. the difficulties experienced by young childr 

cardinal and ordinal, or in regarding daffodils 
subordinate class ‘daffodils’ and the supr 
children who experience this sort of diffi 


first-year university students to appreciate that a letter of the alphabet— 
Instance—belongs not only to the class of A's but 


‘equivalence’ classes Bs, OS, ee Z's that are 


Lat 
x lea, 
than one class. All A’s for (a: ing © 
m P dee > tho 
Difficulty in viewing the same t^ 


en in grasping number as being : be 

as belonging simultaneously "anl 
aordinate class ‘flowers’, It is nob Ja! Yo 
culty, judging by the failure of so ® fo! 
- at". 

also to the various supraordi? i 
| 


the complementaries of the classe" of 
the letters of the alphabet other than A itself. Why does there exist this 12€ 48 


competence in dealing with classes such as the class of X^? Heidbreder (1945; i "ad 
argues that people prefer to work with cues that are 
hensible. The various X’s tend not to be: 
to the other, and this may lead to 
is less a matter of reluctance than 
that of X's, a class which, when uni 


a 
directly perceptually ae 
lar perceptual similarit) je? 
to work with them, But the p j 
n to conceive of such a 0l?” nu 
X’s, exhausts the contents ° n 


ar any particu 
a reluctance 


alphabet’, Ling 
such as X's are purely 
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class members have i " 

us a o oir te being mian they can all be labelled * X^. In at least 
used but infrequently a ie : inn 1 963) linguistic convention has been found to be 

Dawns anay a E S a basis of classification. 

for mice ptor contributing to the diffieulty of T 
transition rinm I * pieng ‘ SUUS of logical subject. T 
of à statement o ie X + E involves the derivation, from a st 
io EX ig is Wed something other than J. The opposite transition from E = J 
while mia ly easier. Both are statements about Æ. But this transition, 
that subjects doir ái bo former from the point of view of formal logie, is not the one 
Suggested that is. € code items actually attempt. Donaldson (1956) tentatively 
of logical iind — of data are the more difficult if they involve a change 
gestion (1959) iun pcne results substantiate this. Donaldson's further sug- 
relevant here, s " a eeling of finality may attach to positive statements is also 
transition fee ha feeling would contribute to failure with the seemingly simple 
end in itself secre = E to X + E, the positive J=8 being regarded purely as an 
problem. ather than as also a means to a further end within the framework of the 


est B items is their demand 
ake Item (ii) above. The 
atement about J, 


The experi CONCLUSIONS 
Support for wein with compound code items reported in this paper provide further 
Procedures m he suggestion of Bruner ef al. (1956) that lack of facility with indirect 
Many subie “sd extend to a variety of cognitive activities other than categorization. 
Indirect ‘ihe 8 seem truly unable—rather than merely unwilling —to employ the 
that the oe appropriate to the solving of the Test B items. It is suggested 
equivalence culty experienced with these items stems from the need to work with 

ce classes that are negatively defined and purely verbal, and/or the demand 


or dat 
ata transf I Á 
a transformations involving a change of logical subject. 
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l'ERNS OF REACTION TIME RESPONSES 
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AxD ALICK ELITHORN* 


Instit ; 
ute of Neur 
f Neurology and the Royal Free Hospital, London W.C. 1 
» W.C. 

timuli separated by i 
; y an interval 
s evidence for several distinct types of 
S OV ciated with individual performances 
types of response being distinguis T 
fferent individuals. ps 


Tho 
reaction ti 
ime responses of forty-four subjects to paired s 


of 100 msee 
response ie Ai analysed to test whether there wa 
Theanalysis sand, if so, whether these patterns were 
and the m anfen both these hypotheses. six main 
ise patterns being markedly c iei 


lifferent for di! 


š In à previous 

Eod oeil v ghe patam of reaction times to pairs of stimuli separated by a 

Potes (tory, Mines —— » ere shown to be related to the subject's laterality pre- 

t-handed subje gay & Elithorn. 1963). The responses of ten right-handed and tei 
jects were analysed. ]t was shown that responses in which inih 


Teacti 
lon tir 
d mes (RT 1: 
(RT I and RT 2) were undelayed occurred more frequently when the 


tst sti : 
. her, ad Dry on the dominant side. 
: Mandy fes i es was undelayed the magnitude of the delay in RT 2 was signi- 
Sons showed nen. the second stimulus was on the dominant side. Other wee of 
r It was clear fi m obvious relationship with hand dominance. 
Süporise were rom inspection of the data, however. that the different types of 
not randomly distributed amongst individual subjects, but that most 


Subjec 
ts sho 
W g 
ed a marked preference for one type of response. The scope of the 
made by the whole group of 


Prese: 
nt pa . 
i er is paet ; 
Orby-four d to classify in more detail the responses 
jects and to see to what extent responses by individual subjects tend 


(0) fall A 
int 
o one classification. 


RIMENTAL DESIGN 
ere described in the previous paper. 
ng responses to visual stimuli, occurring on the 
r simultaneous or separated by a time interval 

the subject being told 


ingle stimuli only, 
side on which it would occur. 


US AND EXPE 


APPARAT 
ntal technique wi 


Details of 
- tails of the 
2 perea Mc vni and experime 
of | io Ede singly ne oi to make key pressit 
that m AS a in pairs, the latter being eithe 
he pcre would red alternate runs contained s 
from SE two anne only one stimulus in cach situation, 
à s, ono control and one experimental, w 
ructed to respon 


bse, 
quent A 
le. analysis. Each subject was inst 


üs 
5 possib], 
ix males, un- 


twenty-six 
dical and other staff of 
e medical students 0 


19 to 41 years (mean 


Its, eighteen females and 
drawn mainly from the me 
and from among th 
as from 


e A 
Praet objects w : 
tised in this = iod forty-four healthy adu 
the p ‘tional Hos. pe of experiment, who were 
age sul Free e eura for Nervous Diseases, London, 
79) with a Pesan. Medical School, London. The age range Wi 
* M ight bias towards the younger age groups. 
emt 
T pe, ot of the " 
Lon de mer Her Medieal Research Council external staff. , 
ts er of the M.R.C. Neurological Research Unit, National Hospital for Nervous Diseases: 
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Rest 


-hich are 
The responses to paired stimuli separated by a 100 msee, time Jamae € is 
the subjects of this analysis, were surprisingly varied. The simplicity m i to 
deceptive. Where two stimuli are closely ordered in time it is pem: im in 
respond without delay to the first and avoid an apparently pios " Neglectin£ 
responding to the second (Telford, 1931: Craik. 1947, 1948: Vince, 1948). ; ud the 
the possibility that one stimulus may facilitate the othe if subjects are o Ey (terns 
instruction to respond to each stimulus as quickly as possible, two response pat 
are possible. A first reaction time which is of 
either a normal or ‘longer than normal’ second r first 
response is either (i) independent of the first or (ii) delayed in relation to pss che 
the latter being by far the more commonly two 
present experiment, howeve mon 
stimuli were treated as a unit. Grouping can take several forms, but a factor com pet 
to all is that no response is initiated to either stimulus until both stimuli have © Í 
perceived; thus (i) the subject can depress both ke 
exceeds RT 2 by 100 msec., the length of the 
response as defined by Welford, 1959); (ij 


“id bY 

s p anied D) 

“normal duration is nt 
"action time: in other words the se 


observed response. The el Sa e 
š ++ which th 
T, were more often of a ‘grouped’ type in which t 


Ys together, in which case e 
inter-stimulus interval (the p B 
) the keys can be depressed in the right E 
and with the inter-stimulus interval simulated more or less successfully so that viti 
and RT 2 are roughly equal but both are longer than normal (' sophisticated Eg 
ing’); (iii) the keys can be depressed in the right order but with RT 2 even x the 
than RT 1 Clong? delayed responses): (iv) finally the kevs can be depressed er e 
wrong order with RT 2 quicker than RT s 


r 
l 


reverse’ 

L by more than 100 msec. (rever mney 
sponses). These six categories account for 93 % of the observed responses. -~ pe 
are shown in Table 1 where they are separ, 


"c I ated into Classes I and IL on the basis ° 
criterja that are given in detail below. 


p, Paars 
l'able 1, Classification of response patterns 


r % i 
lass " No. 
Class Type RTI RT2 Sean idi 
I Non-grouping (1) Independent Norm, jl 
2 al i T 
response (2) Delayed Normal » A tnu] 83 29 
patterns ^ormal 226 
I Grouping (3) Grouped > Normal = RT 1~ 100 meer m 10 
response (4) Sophisticated w Normal LPA Insec 16 10 
patterns grouping SRP 1 81 
(5) “Long? delayed > Normal = m 229 28 
(6) Reversed > Normal < RT 12390 nsus y" 5 
; jp 
It is clear that, for adequate definition, 
terms of two rel 


ations. The first r 
and some criterion of *nor 


side of stimulation. The 
selves (RT 1 and RT 2). 
Where there is consid 


response patterns must be classilié lY | 
‘St relation is that between RT | and RT 2 sepa" d 
mality* for a Single response for the appropriate 6n iy 
Second relation is that between the reaction times * 

AS regards the first criterion, jy, this type of experi’ gu 


erable inter-sub; "iabis jn? «e 

in relation to each individua], P iig alli, normality is only mean jg 
: nee and the Most relj is obV 

St reliable control is 0 

* [n the present experiments facilitatory effect, 

vocally. This does not affect the thesis put forwa, 


a 

u 

8 àre not j d 
li t marh annot be demonstrate 

Td in this paper, 
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lat given by res se times 5 s : 
vll et due e p e 
experimental Pons. dins in the jaiter the xulucatfus runs rather than from the 
ik Sarwan : ne latter the admixture of paired responses will affect 
ian "fo oe pie v hence response times, even in the single stimulus situa- 
bility aei m S rage is not quite perfect because of changes in stimulus proba- 
vam Bee ec e lip deinde times, but it is unlikely that this effect is of any 
it cea reng . The control is probably the best that can be devised within the 
al framework. 
It was therefore decided to regard as normal for each subject those times which 
uae ont i action times, excluding the longest. Exclu- 
ngest time is a safeguard against the occasional atypical long response. 
‘concealed’ premature responses an absolute value of 
all subjects. It is worth mentioning that the 
ie. those where a response is made when 
ngle responses in either the control or 


wer E. . M To 
re within his control range of single rez 


Bs a safeguard against 
id msee, was taken as the lower limit for 
"dini number of premature responses ( i 
s no stimulus) is very low (1% of all sir 
the experimental situation). 
l'he second criterion is needed to define more exactly the different types of group- 
Ing which may occur. Where a response is defined in terms of a specifie relation 
between RT 1 and RT 2 (e.g. grouped responses where RT 2 = RT 1— 100 msec.) 


B error of + 30 msec. has been allowed. Thus a response where RT 1 = 300 msec. and 
rs ET à ; 
VT 2 = 230 msec. (for a subject whose normal response range was below 300 msec.) 


would be classified as grouped. 

Examination of the data classified according to these criteria showed a distinct 
tendency for different subjects to favour different types of response. In some cases 
this was so marked that one response pattern would be favoured almost to the ex- 
clusion of any other. 

: Figs. la and b are scattergram 
right and right/left order of stimulus present 
been chosen because the patterns of peehc’ 
the responses for each subject have been plotte 
most typical in each case. 

The tendeney for a, subj 
In the left/right;situation (Fig. 1a) 


subject 2 shows a ter ards indepet 
a tendency towards a 4 ui: 
where RT 1 2 RT 2; eni 8 shows mainly grouped responses with RT 1 approxi- 


mately 100 msec. longer than RT 2: subject 30 shows sophisticated grouping, and 
subject 44 long responses with RT 2 even longer than RT 1. 


In the right/left order :mulus presentation (Fig. 1b) subjects 2, 8 and 30 show 
a i s in the left/right situation. However, the 


virtually the same res ce patterns a : 
response ptione or Hee atr wes subjects, both of whom are right handed, show a 
dominance effect, Subject 1 makes responses much nearer the line of equality in the 
right/left situation than in the alternative one. This tendency to make more inde 
pendent responses in the dominant/non-dominant situation reached a satisfactory 
level of significance in the group analysis and has been reported ina men pe 
(Kerr et al. 1963). Subject 44 shows 2 dramatic shift from long responses with B. 


even longer than RT 1, to reversed responses in th [left situation. This subject 


r five subjects in the left/ 
The subjects have 
ast markedly. All 
n to enclose the 


s of the reaction times fo 
ation, respectively. 
d responses contr 
d and a line draw 
pe of response is clearly shown. 
ajority of delayed responses ; 


ect to favour à certain ty 
adent responses near the line of equality 


subject 1 shows a m 


he right 
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Patierns of reaction time responses By 
in fact treated all the stimuli separated by 100 msec. as though they were given in 
the left/right sequence. ` 

" apparently individual response preferences as marked as this ean be shown not to 
be randomly occurring groupings. are they sufficiently clear cut to be used as a basis 
for subject classification? Considering in the first place the incidence of Class I 
And lies rt responses with the forty-four individual subjects, the value of y? in the 
resulting 2x44 contingency table (y? — 222: p,r. 43. P < 0-001) provides con- 
aan that the distribution of these two types of response is not homogenous and 
us, are H of individual preferences has statistical validity. Glearly-our = 
thoes: í ivided into those who show a relative preference for Class TI responses and 

“se who do not. Of the forty-four subjects tested only three made responses that 
wis all of the same type—either Class I or Class II. The data are insufficient to 
oe whether these subjects are merely extreme examples = —— 
one io the subjeets should be grouped into those who mainly make responses 

The other type and a third group whose strategies are mixed. —— = 
Sie : classification of responses into Classes Land Ilis open "m the eim t " : a 
ith pin one. Into Class I fall not only those responses n v pie : ES s pend 
bei RT 1, but also those in which RT 2 is markedly dimonis. scrap 
grou Not only grouped responses but also long delayed responses, SoP at 
supine 


and reversed responses 
Eac E responses. : — he same technique 
“ach class was therefore broken down into its subclasses and t a q 


used to test for homogeneity. For Class | (twenty subjects) the frequency distri- 

indenandent E deliye d response yielded a highly sinn uiae on 

log» 2, D.F. 19, P < 0-001). Evidently some subjects tend : web un ee 

Seve s While others are capable of independent responses ur t qa E m deca 

Teni (35 %) of the twenty subjects accounted for fifty (83 w pm : an ee 

Ets oe responses made by this group. These seven ae i ete d ae 
of independent to delayed responses is higher than unity (5:4) aa g 


Nay 

m mean ratio (1:3) for the group as a whole. - 
; , 1e analysi < is more complicate 
in sis of the Class II responses 15 n ; - y | rever 
"ue four subclasses (grouped sophisticated grouping, long delayed, or m s 
va ultang table contains anv cells of low or zero frequency. The signinean 4 
hors, of y2 (338.4 : " b y therefore assessed by evaluating the exact sim an 

ariane E us S DR. was E - E eV (x?) to the normal curve 
a e of y? ar ; sitical ratio {> — (x : 

: X? and referring the critica Ww ii. i ds 
in artlett, 1937. Duwesn. 1954) The level of significance was P «0 a amend 

, this class alko ud nos are not homogeneous. A a ia ees z 

Subjects ac, ORmAnees P ‘esponse pattern, however, 1$ 
Ach; S accordi 3. a tarted.U e of resp d 
G in this oi toa a " d, aii of responses from each siint and the 
we Stenoe of four err rm 1 : im oF response, the frequency of a pru d 
uld have PA pat ec edis from the mean expectation to prov y va 
art mark 
: J tci cou 
tion. A better classification of individuals 


tension Id be obtained by an iterative 
eic. i $ group which 
We involving the calculation of expected frequencies for each subgroup 

mini g the calcule no» demonstrate maxim 


ni 
ern. nimi um homogeneity within 
a miz Fa ae 
elak Subgroup, ps value of y ,an knots tü overload the Nm Ww des 
i is d ent it is su n 

to : * analysis viaa med await a larger sample. For the momer 
- is. 
Onstrato the practic ability of such an analyst 
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DisccssioN — 
Earlier work on reaction times to visual stimuli has "— "€ qund an 
to paired stimuli closely following each other were limited to de (ow ii respons? 
what were broadly termed ‘grouped’ responses. No evidence of a ae than to 897 
times was found and grouped responses were analysed no more c ý sere not simt 
that the motor responses in most of the grouped pairs of pe wc ed inishe 
taneous but successive, although often ‘M, could begin before . * x onse can 
(Welford, 1959). The present study suggests that six distinct types 0 ken that the 
be defined with some degree of precision at the time interval studied. “of behavio! 
occurrence of a particular response is not random but reflects a pat ciat on volunta? 
on the part of the subject. This behaviour pattern is largely within th 


s where ps 
i i i ^ » "os ses 

control of the subject, the main exception being the non-grouped respons 

preference for a delayed type 


$ 


mu 

: » appe? 

of response rather than an independent onc 3 Prou?! 
: sion Em die ij dividal. C ; 
be determined by some physiological limitation peculiar to the individt 


abject t 
responses on the other hand appear to represent a strategy chosen by eer ll 
"make the best of a bad job’, that is to say his inability to respond to each eii atio? 
as soon as it appears. The present study provides no evidence of any Bos investi 
between these types of response and personality traits, A further study to 
gate this point is now being undertaken, 

One point of interest peripheral to the main object of the e 
from the data, In relation to previous re 
tained that, in the absence of grouping 
closely ordered in time was unavoid 
Lawrence (1955), and Hallid 
Their data suggested th 
the implication being 
creasing practice. This conce 


e „ged 
lated experiments Welford (1959) mi 
;& delay in the second response to icm > & 
xperiments by Et 
do not confirm this f " 
ay in RT 2 was not inv p i" 
becomes more of a reflex action " o he 
with the work of Leonard (1958), ence j 
stimulus-response compatibility indepen fi wit! 
The present experiment confirms that wow e8 iF 
can occur with a frequency which preclu ind" 
ms of premature responses, Furthermore, the incidence 9 
varies markedly with individual subjects. 


indi? 
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pendent responses 
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. information on two 

The following experiment is mainly intended to enia or eee already 

i First, does the interaction between information anc m] ‘ino affected bj 
ee i in a fresh situation? Secondly. if reaction time is being gem 
ci aii n en. a second distracting task or uncertainty about the 
in ecce do these effects also interact with compatibility / — 
"im : d to the first purpose, information can of course be MARS -obabilitY 
PPh number of alternative stimuli, or by varying the Miri icr by 
of differens stimuli in a fixed vocabulary. The first of these has ys vat: howevel 
Brainard ef al. (1962), and the second by Fitts et al. (1963). In both cases. 
the stimuli were visual and the responses either voc: 
was varied by changing the whole set of response etos aun 
In the present experiments the stimuli were tactual and ane M» iion the 
Compatibility was varied by keeping the same set of responses li 
particular response appropriate to a particular stimulus, 

As incidental purposes, the experiment w 1 t i about 
upon the interaction between number of alternative stimuli and uncert: Stimul 8 
time of arrival of stimuli. It was also arranged that performance on E sbedde! 
occurring with a particular fixed probability could he compared when it was = stimul 
in different sequences made up of two different numbers of other alternative : 


:Wility 

atibil j 

il or manual, and etatis 
s used for a particular set 0 


3 ht 
shed lig 
as so designed that it would she 


METHOD 
The skeleton of the experiment was th 


separate days; he performed a 2 
other. In other respects conditior 
performed compatible and incom 
(i) with prepared reactions; 
actions and distraction ; a 
signals. 


"IU 
: s 
. ro session? —— 
at each subject worked for two se ui the 
. ice task 5 
-choice task on one day and a 4-choice ta 


iet fad 

‘nant subje”, 

18 were constant for each man, but different dition?" | 
. * (X^ 1 - 

patible tasks under each of four different cot we ^ 

(ii) with unprepared reactions: (iii) with prepé 0 


Sof 
; A a ; istributlo 
nd (iv) with Prepared reactions and biased distril 


Apparatus 


This was a much modified Version of that des 


tips of his fingers on Specially c. 
hishands, Each key consisted of 
low the ring. Through the ce e ring Ojected the 
vibrator consisted of a "Tufnol* i 


d Ur 

‘oct rested it 

zeonard (1959). The subject v [^ 

lich could be ajusto H 
nwithaspringreturnant i T! 


cribed by I 
signi as 

vibrator Which delivered the sig? 

| 

4 


» the 


ahh 

re whit et 
55 attached to an armature % ag” 
l mounteq betwe 


na 


bya Surrounding coi 
or assembly wa; 
a counterbalancing 


ya? 


rod 


y 


mé 
en the poles ofa, permanent i 
Pressure of the 
weight at a, value of 
Sponse keys was 80-90 g. The e 
Y Means of one “hes and then initiated sti 
also started a ‘ Dekatro; 
any one of the ke 
katron'^, When 
anel indic. 


depres 4 
r which timed ito raoe nee 
YS Operated two microswitches which ed 

a wrong key was de 

an error but not est 


msec, igh 
H . g 
the vibration and the ‘De Pressed a single lamp was lig 
"idis nion ; Ssed a s a a 
the experi. ating ablishing the nature of the erro 


Procedure à o! 
er? g 
(a) Factors common to all fy ane . font MET aah 
sive days, O Jour major conditions The two Sessions for each subjec f 
4. CCeRSIVO. days. On ong day cach Subject: made 2-choice 
fingers or both middle fingers, While 


ine e 
z A ither both ' jh 
reactions using either b poth 
" A sine 
made 4-choice reaetions using 
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index a 
X and the ini 
PADE E sd middle fingers from e 
with b : è m each hand. In the 2-choice r i 
in Ponti eA e 2-choice reactions, hali subjeets 
by He in a compatible pon and the other half with both middle fingers cha i th e 
he vibrati T » fashion were instructed ER E A 
to pr ion. The remaining subj : ed to press down the finger that was sti 
wae P down the en ea subjects, who were to react in an incompatible nen prone 
ie Resulted, tha ankeret ning finger of the other hand, i.e if the index finger of re H codes 
. With; s eet hi "es ing down ity : 
Within each group Wes ie respond. by pressing down with the index finger of v wn 
alf the subjects had 2-choice reactions on the first day and iis dm 
A he other 


h 
E: had 4-choiec 
n each tom 
1 sessio 
ssion there we ; i 
re ( "als à i 
34 trials. In the 4-choice session the four stimuli occurred equally 
wo consecutive trials; in the 


often i 
NIN ca x 
3 ich sixt i 
De hiss sixteen trials, : E 
choice Sici 1 Y ec and no stimulus occurred on more than t 
n ` stimuli occurred e T H f 
Pes THU mob niesen v red equally often in each group of cight trials, and runs of three 
Mis re . (These restrictions do not apply to Major Condition 4, that of bias.) 
S, an. e M res) i 
a. 'dthat EE E LA d to respond as fast as he could without making 
ession, given a practice tri S, error he would be told that he had ast oso immediately afterwards. 
tea 5 and, FES iter te ini on each of the stimuli he was going to have in the sueceedin à 
Was lante were tested £ S response, that signal was repeated. A totalofa hundred anA 
ivided as shown i s of whom were naval ratings between the ages of 18 and 30. They 
a in Table 1 between the various conditions P 


each sessi 
ssion the subject was instruct¢ 


m 
l'able 1. Mean response times (msec.) 


[e " ; 
ài ondition y ; Incompatible Compatible 
Tepared à 2.choice 4-choice Difference N S.ehoiee  4-choice Difference 
Dprepa 12 337 
, Prepared = 33 530 p om m 
istraction 12 500 ; a H m» 30i po 
Bing: 10 512 Tas Ta ee ho 
3 VHS 35 2 5 4 
Bia, 
sed regs 
Ote Ssponses 8 "m 
sponses 343 410 67 12 248 300 
s 351 208 12 337 
(b) p; 208 2 337 
Wag 1 üfferences | 
ghe s ces betwee ‘ = m — 
(2) U €. and the ^ ist major conditions. (1) Prepared reaction. The interval between the stimuli 
20, 80 prepared p A pect was given an oral warning about 2 sec. before asignal was presented. 
luanin 40 sce., we a The reaction signals occurred without warning at intervals of 10. 
(3) “hea tho 64 wm 1 I lnst reaction signal, cach interval occurring equally often within each 
rials. 
Again the interval between the signals was 10 sec., 
i en letter of the 


ignal was & spok 


by X ropar 

t pared react; 

l í reaction with distraction. 
h alternate letter 


this case 
ded the reaction 8| 


ADhe 
n i These letter enal whieh prece! 
i ers were spoken on tape, a different one eve sec.; SO ac’ 
ers or five reactions, one letter was repeated ; 
1 letter had oceurred 


at t Sa warni 

Ne ning si dcus 
£ signal. Within a group of ten lett 

s asked to SAY aloud whick 


fthe alphabet, excluding D. The tape was played 


was the same as in 
3.choice series one 
noice series 


Ferrog 
) Pre graph’ recorder 
J— l'epared reacti der. 
ti ipi ee with biased distribution 
he g a 2nd 4 signal occurred on three-quarters 
bie lus d on 48 trials while the other oceurrec 
each of the other thr 
o signal for both sessions. 
be more frequent. 
ble fingers. 


of signals. The procedure 
of the occasions : in the 
y 16 trials; in the 4-¢ 
ee on only five occasions. Each 
and was informed at the 
Over the group as à whole 


E of the f 
he first session that tha 


"8s. cQ “i 5 
{ually distributed between the four poss! 


Scoring 

f of each s€ ion. 

n of the medians of the 

S corresponding to those use 

or both middle fingers. In the 
onses with cac 


es of those five resp 
the 4-choice reaction. 


1n conditions 1, 2 and 3 the 
times of the last five 
d by the subject in 
ə-choice reaction, 
h finger which 


second hal 


"6 tak " 
taken only from the 
the mear 


ET 

; d responses 4-choice reaction W8S 

ere "€ s made with each of the finger 

pci either both index fingers 

Bositiuns of the medians of the tim 
s in the series aS those use 


] in scoring 
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-ondition 4. that of bias, in both the 2-choice and -choice situations, the oo ae 

- p D to the frequent. signal was the median of the times of the last n idi 

veteri c to that signal. For the infrequent sig; 

the times for the last seven correct responses; 

the session, then the median of the last s N 

poa olhem 3 jm Ege pod are two tailed; differences between Bro test 

elisa been tested by Mann-Whitney U te 

on the number of subjects showing the effect, 

tested by analysis of variance. 


; the medii 
nal or signals. the score taken was the Mer half of 
if seven were not available, in the secc included 
was taken. lm thie sobice iis score 


5 él «pated sign 
st and differences u ithin subjects by ees were 
Two interactions, indicated in the tes 

RESULTS d 
i 1 ` ject) for e= 
The mean of the response times (as defined above for each sa — 
Fea, Bice cce 6 time’ 
condition is shown in Table 1. The findings from the analysis of rc sponse able 
be described under two headings: Interactions of compatibility with other vi pr 
and differences within one level of compatibility. brute £00 
prime importance in decision theory, their Incidence in this experimen 
slight to allow analysis. 


esarded 
Although errors are re gar 


Interactions of compatihilit 
(a) With the number of 


(which is of course by nature anomalous), the 
in the 4-choice and 2-choice Situations is s 
incompatible Tesponses than for the 
in each case). 


Y with other variables 


tas 
: pis 
: P Sa at of 
alternative choices, In all conditions except tha 


imc 
3 response tin 
difference between the respon " g 
* on 3 " ni 
‘nificantly greater for the sing A : 
group making compatible responses ( 


ile 


(1:08 


Y 
7 . : -= " " about ^ 
(b) With time uncertainty. The lengthening of response time brought ab ts ae 
A P n - jects 

uncertainty about the time of arriva] of the stimuli is greater when the subje i 
making incompatible re absolute terms, It may not be mort 


Proportional to the ] met in the incompatible caae.* 
(c) With distraction. 


There is a Sreater effect of distr: 
when subjects are responding in an incompatible f 
i er than Proportional to t 


he longer 
y analysis of y 


o tim? 
action upon do ect 
ashion. In this case the legi? 
reaction time, p < 0-05 for each i "i Y 
ariance after logarithmic transformation, In additio pe 
mean score for performance on the distraction tasks are shown in Table 2; it W 
seen that performance Was better in j 


2) 
0:07 
aking compatible responses (P < 


? correct in the distr 
Incompatible Compatible 


59-1 
49-1 


action task 


2-choice 84-9 
4-choice 72-5 je 
“a 
7 ai . youre” 
hen Considering respor e signal receiving favor rog 
: rna 
and the number of alter net 
Ce statistical] 
U test can: 


Mpatibility 
* There ig a, slight diffe i 

were tested on differe: 
the other hand 


: j -such & * qr 
an interaction after such | 


E me 9" ag 
; "o larger times is the san ef 
(F = 2-35; at p 0-0, Pur n tha d 
= 2395 a = U:05, off Las 


soe CODON a. 
: s be Significant in the 4-choice C^ q 
P < (01). "n comfortably 


y pce 
So in tho 2-choice condition ( 
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> difference betwee i n n 
Cisse io A cage n the response times to the frequently occurring signal and 
B i ier ale 5 d : ibili oe ii É 

(P « 0.003) M signals interacts with compatibility in the 4-choice situation 
smaller). The : nob in the 2-choice (where the difference in probability is of course 
irection of the effect is that the effect of signal probability is larger 


When tl 
he subject is res : ; , 
ject is responding in an incompatible fashion. 


p RT PENE iin one level of ongien l 

alternatives C . interaction was found between time uncertainty and number of 

choice oid : cree of the difference in mean response times between the 

significant n ie sit uations in the prepared and unprepared condition shows no 
ge in this difference. There is, however, à non-significant flattening 


of t] 
ne slop 
Slope of res aps 43 å 7 M 3 
(P > 0-10) Dg nione time against number of alternatives m the unprepared case 
. One cannot unfortunately regard the results as disproving the inter- 


le no detinite evidence for it. 
alternative responses. Table 
tibly or incompatibly, per- 
ce situation than in the 


action c 
(b) Tu EU although they certainly provic 
2 shows that Pee between distraction and number of 
formance on or both groups of subjects responding comp? 
2-choice P. the distraction task was worse in the 4-choi 
(c) Effect sf 0:03 for both groups combined). ps 7 
number of alternative responses upon à response of fixed probability.— 
longer when 


*Sponse ti 
nse t i : 4 
imes to the signal which occurs on 75 % of the occasions are 
are all the same. 


the remain: 
" "maining 25 
"ws 5 0, : s ‘ 
US differ g 25% of signals are of three kinds than when they 
ence between the 2-choice and 4-choice situations 1$ significant for both 


OUPS of subj 
subjects (P < 0-02 in each case). 


gr 


DISCUSSION 

compatibility 
ion which is given to S-R com- 
process analogous to statistical 
s from earlier work that 


The interactions of 


t the central posit 
tion as à 
a the indication: 


. d the te which regard choice reae 

tis In "x rst place, the results confirn i uh affect when the eof- 

reaction t e probability of a stimulus have a mor Td aa 
o that stimulus is not obvious. This is true bO h for à 


Signals Qty ' of equally probable signals, and for a bias in probability between 
bility : f à fixed vocabulary. M eunt it also appears to be true when the proba- 
: ripa se wered by dispensing with a warning 


si Of a si à 
Signal, ^ signal at each particular instant 1$ lo 


Clin: 
ri “Cision 
edu Ctio 


atibility in creating diffi- 
Not only is the reaction itself 
aired. A body of existing 


om ; 
wulties fon of particular interest is the effect of low comp 
more egi, ae combined performance of two tasks. ^ 
Now| 9 be slow, I ther task is also more 1m 
amou, Be shows that a one of human performance do not depend upon the 
the à of stimulation - the senses for action at one time, but rather upon 
(Broa owt of info ii m "s stimuli as been further noted 
K b rmation which those en p 
Vill ye ent, 1958, p. 78) that lowering the discriminability of t carp 
info, uce the y a ; can pe ultaneously, even 1 the 
the ation in each nan of tasks à mi added that difficulty in 
choj each task is left constant. effect. The limit of 


lce 
5 of i i z 
9 appropriate response mM the task Gen, Paych. 66, 1 
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performance is indeed in some sense 
selection of one of a set of responses 
size of the sets is only one of the f 


' v ; the 
a limit to the processing of information, : "E 
as appropriate to one of a set of stimuli: bu 
actors involved, 


The question of time uncertainty 
The problem of time uncertainty is that 


h 
; ; ‘eet throug 
it may or may not have its effect th ru 

s " E^ Se Lo ^0 
the same mechanism as other changes in the probability of signals. Onc 


classic papers in the field, that of Hick (1952), contends that reaction time is pes 
not simply to the logarithm of the number of equiprobable alternatives, but rat 

to that number plus one. The rationale of this formul 
only choosing between the various possible 
certainty about the time of arrival of the 


ation is that the subject p 
Overt reactions, but also. because es 
stimulus, considering the possibility 9 ids 
al degree of time uncertainty amr » 
ess degrees to rather more or rather less on 
as been that of regarding reaction time as med 
the logarithm of the number of alternatives. a D 
mber, 'The latter component might be suppose. in 
ainty as well as upon purely mechanical constant times |. 
ford (1960) c 


Á hae : umen 
1n reviewing the literature presents argu 
for adhering to Hick’s original formulation. 


ime uncerta 
native responses, it should 


reactions. This is because the effect of 
as the number of alternatives alrea 
Hick’s original formu] 
and the effect of the 
no interaction, 
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: nt to the addition of extr 
diminish the diffe 
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ation should predict an interaction between time uncerté! sot 
number of 
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alternatives: the alternative view should P! 
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Although there Pg 
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s E of significance b a large am 
must be added, however, that another : Selah 


Sconce. TERR 
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as equivalent to additional alterni 


4 response of constant probability pare 
Ash 
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2 Even though on average the reactiO” — ji 
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he other h 
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: is cu 
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n being correct. but a fixed um probability: "E 
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Sala T of other possible rea? 
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Thus thi 

S this res ives eener: en 

all these results ~ gives general support to the decision theory approach. Indeed 

Bather thes dis ^ 8O, although they do not entail any specific version ofthat approach. 
y display relations which a successful theory must explain. 
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CHANCES LN IMMEDIATE MEMORY WITH AGE 


By ANDREW McGHIE. JAMES CHAPMAN 
axp J. S. LAWSON 
Royal Dundee Liff Hospital 


hanges in auditory and visual short-term retention 


A test allowing assessment of the differential c 
1 elderly adults. The results indicated that all 


was iyi o H 

bs given to groups of young. middle-aged. and 
subjects found it more difficult to handle visually, as opposed to aurally, presented information. 
found to inerease with age, this being most noticeable after 


Phe decline in visual retention was 
equences of these findings are briefly 


the age " TN A i 
he age of 60 years. The theoretical and practical cons 


discussed. 


_ The study reported in this paper is derived from a series of clinical-experimental 
investigations of alterations in selective attention and perception occurring in 
mentally ill patients (MeGhie & Chapman, 1961; Chapman & McGhie, 1962; Lawson, 
McGhie & Chapman, 1964). In a previous report (Chapman & McGhie, 1962) it was 
demonstrated that the short-term memory of schizophrenic patients is particularly 
Vulnerable to interference by stimuli irrelevant to the task in hand. It was argued 
that the relative inability of schizophrenic patients to screen out extraneous informa- 
tion results in an overloading of short-term memory, causing these patients to perform 
Poorly in tasks which demand accurate perception and recall. Further experimental 
Work was carried out to assess to what extent this deficiency in short-term memory 
Varied with the sensory modality through which the information was processed. In 
following up this line of inquiry, it was decided to include in our test battery a technique 
first reported by Busehke ( 1962) in his studies of auditory and visual oye e dp 
mmediate memory of normal adult subjects. Buschke utilized the fact that i : pol jent 
iS asked to note the repetition of any number in a set of random numbers an t siis. à 
1-20) presente dsequentially, then the number of correct responses provides vp n " 
of the amount of in formation registered tor E idee a eer er) ena 
menta] desi here s ject has only to note the occurrence OF a 704 ene 
Humber in v rh siad numbers automatically act as aneri i 
Busehke's experiment each set was composed ofa —€— E gripe tI ed 
Min I aural numbers. The presentation of ey to en a button to indicate 

ural, was synchronous. The subjects tast : resented in the sequence. 

is recognition of the repetition of any number already presen dupla 
à 5 I ae normal adult subjects who wer 

uschke presented his test to à group uf B6 sine "tory and visual components 
Years old, and analysed the differences between the auditory an ; dis pronounce 
of immediate memory. His main finding wae that there wasa uc tion, 

: ate memory. His m Up z auditory; informatio 

decline in the temporary storage of visual, as opposed to au j 


Br 8 3 " * M ” ial 
C 1 es ^ d ^£ f tt od of investigating the different 
ha; ch: 8 proced re seeme to offer a useiu meth 5° 5 IE 
n short-ter p "y d we therefore decided to use a 
i erm memory 


] illness, an Before applying 
I "y F onie Wil sychi a 
Modified version of this test in 0U" work with P s y to obtain normative data, and 


Our up " i necessa?! j — 
Our form of the test to clinical grouP® aera is of the present paper. 


lt i a " 
Is the findings from this contro 


inae : BON 
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ifferent 
analysis indicated that the fall-off with age was not uniform among jake 
conditions (F = 2-98: D.F. 18. 164: P < 0-005). In order to examine woo "n 
variation with age, we divided the 198 subjects into three Urge: 2 in 
under 40 years: group B. 41-60 year: group C, 61-80 years. The results e cm sie 
Fig. 1: mean scores and standard dex lations are given in Table 3. together 
results of comparing groups A and B. and B and (^, 


Table 3. Mean score and standard deviations under each of the 
VV and VA for the three age-qroups A (18-40 years, n 
and C (61-80 years, n = 37): 
and B. and groups B and C! 


3 AV. 
Jour conditions AA. 40) 
= 121), B (41-60 years, n = 4 
- groups 4 

comparison of differences between means for grou] 


as 
ip 3 rs. 
Group A Group B Group € Group Ars, Bo Group d za 
us 7 
Condition Mean S.D. ENTM Mean ENTE t p t 
" 
AA 0-62 L13 sun 1-32 0-60 tix. m : 
Ar 1-72 1-44 ie n.s. aal 
fep 1-79 202 < 002 336 < o1 
VA E 1-27 L19 fies. G07 < 


f 
The results of this analysis thus indicate that the only change in the paner x 
response between conditions in this test, comparing young (A) and middle-agec ye 
groups, occurs in the condition where the subject has to note a number which es p in 
sented twice visually (V V). After the age of 60 years, however, the pss » 
retention of visual information is a great deal more pronounced. This occurs ^ in 
cases where the number is originally presented visually, regardless of the modali y he 
which it is repeated (VV or VA). These results might be summarized as rr git 
performance of groups of normal adults in this test confirms Buschke’s finding ii 
there is poorer retention of visual as opposed to auditory information. Mech 
creasing age this discrepancy between retention of information in the two modali rly 
increases and the deterioration of the retention of visual information is particula ' 
marked after the age of 60 years, 
Discusstox 

Before discussing the significance of these find 

possibility that the decline in the retention of Visual information with age is due i 


à à Pig i jon 
progressive falling off in visual acuity, Ag already stated we took the precautio! 
» " e v 1 " ) 
ensuring that the visual material presented Was of such a size and intensity as * 
seen clearly by all subjects, 


ider tht 
ings, we might first consic j 


It is of course already a well-established finding that 
decline with age (Clay, 1954. Jerome, 1962; Welford, 1€ 
changes in human performance 


With age, Welford (19 
short-term retention wag one of the m 


ni edd d 
1 anges occurring in 0! 
and he and others have pointed out the 


n ay 


profound and multiple effects which Le the 
have on the menta] output of older People. Other workers have noted tha en 
decrement in short-term memory with age i 


is Particularly severe when subsea ile 
- Cameron (1943) compared E ber” 
eir ability to retain digit Sequences when the E 
ntion and recall was filled by a spelling task. While 


i m : 
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group 
E s coped adequ: wi 
ately with the task w 
\ ask when recall was pr 
all was preceded by a blank i 

= à A nterval. 
1 sharply when the intervening period was 
2. Cin - A s m = 
3) and Kirchner (1958), using a visual reten- 


tion test w ` e t S nees of flashin: ieht 
st when S t esp equenc S. e 
re the subjec had to r s] ond to sequ g ng sh d 

` - ow 
required to respond to lights 


that EET 
Dd aree haois had great difficulty when they were 1 
S bu. or more places earlier in the sequence. It scemed. that for older subj 
y act of responding (in these experiments this involv di DONS subjects, 
“tn ome o ved pressing a key) inter- 
visual tracking task involving dene. (1958) obtained similar results with age in a 
(1958), and d gels ing short-term retention of relevant signals. Speakman 
when a task eme pe Broadbent and Heron (1962), have demonstrated that. 
task, older MER : ort-term retention is combined with a secondary distracting 
subjects are a s € to perform badly in at least one of the tasks, whereas younger 
sented sets of s s ‘ wm with both tasks at a reasonable level. Inglis (1960) pre- 
tö report ded s m igits dichotically to younger and older subjects, asking them 
other ear. Ate e ^ received at one ear, before reporting those received at the 
set of Gules e h there was little difference between the groups in recalling the 
inen zs = i jich they were instructed to report first, the older subjects were much 
ba ntum r re recalling the digits to be reported second. Fraser (1958) has also 
Tenir l that older subjects perform badly on a digit span test when the rate of 
ation is slow, a condition which allows more opportunity for the effect of 


distracti 
j eu short-term memory. 
age is suh finding is the suggestion that the decline 
greater ees a severe for visual than for aural informat 
a visual oreet ty experienced by the older subjects when th quir 
linked bios regardless of the modality of the later signal to which it had to be 
own " E amples from each age-group were asked at the end of their test to state their 
ME as to whether they had been aware of depending on visual images in 
au a the visual material, or whether they had been conscious of recoding into 
that € signals before storing the information. Responses of the subjects indicated 
1097 . 40% felt that they were ape ae ay mii a ee 
Were Hane a e of translating these in o = if meh : ai Ap P m ied / A 
about the over-all strategy W hich they na ised. Reports by such 


Work ee 
Orkers as Sperling (1960) and Conrad (1962). however, suggest that the subjective 
strategies used in tasks of this nature are not very 


[o 
Nic peii subjects on the § : = : ; dr] 
. Errors made in the recall of visually presente d letter sequences have indi 
cated confusions of an auditory kind (e.g. 2 for C); confusions of a visual kind (e.g 
i frequent. The tendency to transfer visual into audi- 
mably exert a greater load on short-term 
the more rapid decline of visual reten- 


the seni 

senile er ` 

oceu Y group's performance declined 
pied by the spelling task. Kay (195 


fer i 
ed with s 
with short-term retention. 


in immediate memory with 
ion. This is evident in the 
ey were required to retain 


fóry å 

m oaa a before storag 
tion i n, and this may partially E 

A in older subjects. 

up airea interpretati 
investi y and visual information are stor 
chan gations of short-term retention, : 
tior g^ with age, have concentrated on the re' 
2. It is of some interest that those investig 


mar y : att 
arked variation in performance with age have u 


uggested by these findings is that 
in short-term memory. Most 
those which have examined 
aurally presented informa- 
ave shown the most 
ays (Kay, 1953; 


ch might bes 
‘ed separately 

particularly 
e retention of 
ations which h 
tilized visual displ 


ation whi 
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Kirchner, 1958: Griew. 1958: Broadbent & Heron. 1962). There have been, pice 
some attempts to examine the properties of the visual after-image and its eme 
to short-term retention. The work of Averbach and Corriell (1961) and Mackw p 
(1963) indicates that visual images have a brief duration and tend to be erased un pnt 
arrival of visually new information. Crossman (1964) has produced evidence i» 
suggest that auditory images last considerably longer and that they are relativel 
resistant to auditory erasure, It is obviously more 
have an efficient and less vulnerable auditory stor 
is always transient in its presentation, while y 
scanned for some time. 

It would thus appear that there 
decline of short-term visual retentio 


; . individual to 
important for the eris bn 
h informati 
age system as auditory D bé 
isual information may usual 


are at least two factors involved in the up 
n with age. The unstable nature of the ie 
image may normally be partially compensated by recoding visual information In E 
aural form, thus allowing it to be Stored in the more stable and resistant ripe 
storage system. The apparent decline in the capacity of short-term storage with i 
suggests, however, that with older people, this recoding procedure leads to an ir 
loading of an already relatively limited storage capacity. Welford (1958) has pe 
dealt in some detai] with the practical consequences of the diminution of shorty 
Storage capacity and its vulnerability to interference in old age, and it seems a 
that this decline in the efficiency of the brain helps to explain many of the difticul ing 
shown by elderly people in situations demanding the rapid processing of mea 
information. Our results may allow us to add the suggestion that the older per^ n 
may be at a further disadvantage if the data to be handled by the short-term apri 
Storage system are mainly visua], rather than aural, "These effects may pare iy 
account for the slowing down in mental performance so characteristic of older 
people. They might also help to expl ^ c 
older Subjects between different type 
that the deterioration in intellectu r4 
Some intellectual tests (e.g. 
performance in old 
little change with 
deterioration is 


ain the marked variations in performan? 
S of psychological tests, It is now well establis , 
al efficieney in old age is not a uniform proc" in 
Progressive Matrices) show a fairly rapid decline ^ 
age, as compared with sts which show comparative: 
age. The work of Welford and others suggests that intellect? 
: an amalgam made up of many specific chàngas in mental pe” ; 8 
mance which are not easily made evident by such crude ilem ig instruments © 
tests of general intelligence, Welford (1958) bas already su wen qe ät oka difficu d 
experienced by the older person on Such a test as the Pra dades AE js one 
effecting a spatial transposition of data not actually banat eum test situatio" 
Most of the standard intellectual tests are essentially visual] and require short-te” 


retention and manipulation of visual information for their execution (e.g. Progre 
Matrices, Sorting Tests, Design Re è di 


el 

. à athe 

production Maze T: i ign BO a 

than interpret the results of such tests as im ls Saa : RN Mire vm a sasonin ë 
SS P'yig a genera] deterioration in reas 


capacity, it might be argued that they 


ort 
term retention which directly ; 


lly: 
the 


il 


artially due to a decline in 5h 


E i E n pina 
Ocessing of information. 


rmal ageing. j 
between the visual and auditory 


ein Sis immediate i fferau 
tool in Investigating the effects of brai Mano 


TN 
t would seem that a test which different à 
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SOME CONFIRMATORY RESULTS ON AGE DIFFERENCES 
IN MEMORY FOR SIMULTANEOUS STIMULATION 


NT Axp MARGARET GREGORY 


Bv D. E. BROADBE 
Unit, Cambridge 


Medical Research Council. Applied Psychology Research 
further the relationship between age and imme- 
eously to two sensory channels. 
during programmes, viewers 
the viewers saw three items 
II both the visual and the 
1to order their responses 


out to investigate 
f material applied simultan 
levision transmitters 
In both experiments 
In Expt. I all items were digits: in Expt. 


ters and digits, the viewers being requestec 
class. Both experiments showed a deterioration in per- 


ar when the task required rapid alternation between the 
een the two modes of recall: the eye-ear mode 


Pi experiments were carried 
tly memory for two streams o 
be sheds was presented over ordinary te 
Pie” Td per to send in their responses. 
another three. 
on items consisted of k 
E by channel or class by 
ne sat age which started ear 
mesial aa I also allowed comparison betw 
nuch superior performance. 


ported relations between age and deterioration on a 
pplied simultaneously to the 


treams of material aj 
ments designed to confirm the effect 


Ni. & Caird (1963) have re 
st of immediate memory for two $ 


two 

Gaps "TN ] 
ofa ars. The present note reports some exper! 
àge on memory for material presented to two senses. The technique employed was 


Pob be gout wend es ers dpud d spei d pr dier: 
control of " oN iewers to senc in aeir respons Š ; P lim ivt Stn oM ie : 
(sis. m the stimulus, and possibly some danger OF sampling " E pon 
s. The population is, however, large and the findings may fairly be taken as com- 


) : s 1 P i a 
l lementary to small-scale laboratory studies: as will be seen, some internal controls 


are included. 
was as follows. Whe 


Ag l 
deli second purpose of one experiment \ 
livered, three to one ear and three to the other, it 1s hard to 

the six items contain three 


or r which alternates between ears. When, however, 
gits and three other words, with each ear receiving two items of one class and one 
of the other, it is as easy to reproduce the material class py class as it is ear by ear 
tay & Wedderbura i es Yntema & Trask, 1963: Broadbent & Gregory. 1964). 


n vie arate 
w of other differences betwee? 

Sens s à g Gregor 

ensory channels, and performance using the eye and ear (Broadbent ea 


1961), it was desirable to repeat this experiment also using the eye and ear. 


n six digits are rapidly 
respond to them in an 


METHOD 
Experiment I 


in the middle of th 
ucted in :ons. Viewers were p 


r transmitters serving the 


ted with three tasks. 
d followed by 


e evening ove 
resen 


Thi 
is Bw 
experiment was cond 
for 4 sec., an 


Eas 

p Anglia, Gl region: 
glia, Glasgow and Southampton reg Vi dpi 

an ask A. A - E of six visual digits. each ent ES the se 

Son nM of clear screen for ] sec. before the di u— " iss m sadi 

ve desse qnit y ns D mene each 0 the blank intervals, à spoken digit was 


and the nex 


s s 
apie between each digit 
Smitted over the sound channe 


Task ©. A repetition of B, using different digits. 
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Between the three presentations there were pauses, in which viewers were asked to write bes 
as many of the digits as they could remember, A form was provided in the weekly — of 
magazine; and this also contained spaces for the age and sex of the viewer, üs well üs a = ce 
others in the same room. No practice was given; during the programme instructions were g eme 
to recall the visual material before the auditory, but this instruction was not repeated ipe 
form and was often misunderstood. The analysis of results is therefore simply in terms of corre 
items regardless of order. 

Experiment II 

This experiment was conducted at 7.45 a.m. 
presented with three tasks. 

Task A. Six successive visual digits as in the 


previous experiment, ligit 
Task B. Three visual items consisting of a digit, a letter of the alphabet, and another dis 
e I 
each presented for ! sec, with 1 


$ <i à : , itory 
3 Sec. interval. Simultaneous w ith each item there was an aud 
item of the other class, 


Task C. A repetition of B with different items, For 
As before viewers were asked to write their responses on a form which was provided. y 
task B, the instructions were to reproduce the visual items before the auditory; and for task “4 
to reproduce first the letters and then the digits. These instructions were given on the form ® 
well as in the programme. Viewers had previously received a demonstration similar to Expt: P: 
which could be regarded as practice, 


F "T ur werm adt 
over the national network. Viewers were ag 


tESULTS 
The number of respondents who performed e; 


, rectly 
ach task correctly and incorrec : 
isc "ni is " V. 
is shown in Table 1. Correct responses as a percentage of tota] responses are shoy 
in Figs. 1 and 2. 


Table 1. Number of subjects of each sex in eac 


h age-group 
making correct and incorrect re 


Sponses 


Under Over 
16 years 26-35 36-45 45 years 
- years 26-3; 36-45 5) , 
Conditions Ti - AA 


a" 7 - CM A E —) A 
Male Female Male Female Male Female Male Female Male Fem? 
Simple spans 


Expt. I Right 103 20) 99g SO BUE giw is ass og a 
; Wrong 9 10 9 31 1 T 10 19 5 2s 
Expt. II Right — sj 39 396 Má an 95 180 135 152 19 
Wrong — 6 3 012 12 ii T 12 13 n ki 
Bisensory spans ~ ' 
Expt. I Right* 90 77 317 367 197 287 154 284 163 303 
Wrong 22 36 19 44 0 40 20 ^50 35 B 
Expt. II 
Eye-ear Right — 34 12 ]og 48 — 73 39 87 58 53 i 
3 5 5: 
Wrong 53 320 113 79 84 66 85 90 110 133 
Letters—digits Right 35 E 77 43 31 19 35 17 18 1 
Wrong 62 I§ 159 S4 126 86 l 37 13 i 145 me 
* Tasks B and C both correct, 
. jl. 
In Expt. I a correct response had to have the correct items regar 3 i iso in Expt- 
; s regardless of order. riso in. 2% ical 
except that the two halves of the list had to be kept Separate, The numbers ee not identic? 
for simple spans and for bisensory Spans, because Some viewers Poe ii i 


adding a note to say that a broken pencil or a similar accident 


(a) Little difference between ages in simple visual span. 
x? significant overall between the five 
45 groups, neither sex alone showed a 
II only the females did so (P 2 0-05). 


“as 

In neither experiment 

age-groups. Picking out the 16-25 and e l 

significant difference in Expt. I, and in Par 
In both experiments the males showed $0? 


Relati [ ji j 
ion between age and immediate memory 9 
í 


signs of st TEES 
superiority over fe 
and, in ms ^ de females of the same age: in Expt. I, at th 
s : . at the 16-25, 36-45 an - iy Megs he over-45 xs 
ic 16-25, 36-45 and over-45 levels there were uin 45 level: 
'ences signi- 


36-45 


Under 16-25 26-35 


x x 
x 
L —— 

zm Ro E La 
E "Z ^ S a A 
= 80 x Bisensory span” ~~ 
5 70 
2 60 x Male 
E O Female 
A 


a RUN LL ae 
5 6-45 Over 
45 


Age-groups 
ans involving six successive 
y items presented inr 


visual items, and for 
apid alternation. 


Fig 


P 


biona formance in Exp. I for simple sp 
y spans involving three visual and 


1 three auditor; 


100 L 
Simple span 
nra em 
90 gorge 
80 
x Male 
O Female 


Bisensory span, 
recall: cye-ear 


p x 
Ge pO, 
^4 x^ x 
7 N 
nd N 
40 A ` 
EA E b^ 
A 
x 


Subject i 
s with correct res 
responses ( 9 
ponses (95) 
un 
Iz] 


Bisensory span, recall: ` -~o 
letters-digits 


Under 16-25 26-95 36-455 
16 


Age-groups 

xp. IL for simple spans involving E 
visual and three simultaneous 9 
digit w 


t, a letter, and a 
ised either by sensory channe 


ix successive visual digits, and for 
items. In the latter 


udit 
y items were à letter, 


hile the auditor) 
lor by class of material. 


are of course likely to be due 
a is important, because 
an older sample of 


Vig. 2 


e Perfor ; 
bise erformance in E 


nsOry s A 
Case To ‘Spans involving three 
a digit © visual items were a digi 

, and a letter. Recall was organ 
hese latter 
f an effe 
tion 


differences 
ct of age whicl 
are not due to 


foa 
ant a 

ut the 0-05 level or better. TI 
nce o 


0 sa 

$. ci m : 

! pling factors: it is the abse 
the next sec 


4 SUggeg 
infe » sts that the differences in 
r general ability. 
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(b) Drop with age in all bisensory conditions. The overall oe batangen d 
significant for each experiment for the bisensory conditions. In Expt. = ios alori 
and C combined, the over-45 group was worse than the 16-25 both for x rires à 
and for females alone (P < 0-01). In Expt. II, task B (eye first then ear) ut say 
similar difference (P < 0-01 for each sex). Task C (letters first then digits) celi 
gave the same result, but even gave significant differences between the T6 toin 
ud the 25-35 group for each sex (P < 0-05). This task requires alternation hes cad 
one sense and the other, and it will be recalled that in Expt. I some subjects adh 
understood the instructions and responded in that way. The percentage of ned 
correct responses in the alternating order decreased with age, the ditierance prn 
ages 16-25 and over-45 being significant both for males and for females (P < b 
These results applied to viewers who were alone as well as to those in company Sif 

(c) Difference between the eye—ear and digit-letter modes of recall. In Expt. HE tas 
and C give widely different performances, task 
for all ages and both sexes and is of course ve the 
status of the two methods of grouping, found by Gray and Wedderburn oo i 
two sensory channels were the two ears, does not apply when they are the eye ane - 

(d) Abnormality of performance below age 16. It was unexpected that -— oth 
under 16 performed as well as the 16-25 group at task 4, the simple span, m ent 
experiments. Presumably an unusually intelligent sample was selected by the 11397. 
of the programmes. It is notable even so that, in Expt. I. both boys and girls e . 
16 did worse at the bisensory task than did the 16-25 group (P < 0-05 in each P oth 
In Expt. II the same is true for boys for task B, but not for girls: and in task € máy 
boys and girls did unusually well compared with their elders. Tentatively one ped 
suggest that pre-adults have difficulty in organizing a bisensory situation but 1 


. ther 
haps alternate very rapidly between different channe " 
investigation of a laboratory type. 


à pita -as fowl 

C being harder. The difference was fi ua 
A POE UA : Thus the equ? 

ry highly significant indeed. Thus the ed 


ls. This point suggests fi 


ofi- 
n 5 ;o expe 
persons whose co-operation was vital to these € a re 
glia Television, from whose studios the programmes 
oordhof, who produced them. 


Thanks are due to many 
ments, but especially to An 
produced, and to George N 
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learned the same initial task: half then 
l be transferred, while the other half 
It was found that severely sub- 
sitive learning, while normals 
to the fact that the positive 


An exper 
br ener E js designed in which all the subjects 
learned one s Ley to which po: ive learning could 
normal hae a z negative learning could be transferred. 
ahowed the E eanslerred negativ learning more east than po: 
opposite pattern. Iti gested that this was due 
neral. 


learni 
mng —— n 
g was specific and the negative le 


sarning relatively ge 


vestigate the possibility that normal and 


The ai 

> al Pe experi ; 
aim of this experiment. was to in 
different learning 


Severe] y 

1964), viia. 4h Eyed was suggested by the results of a previous study (Bryant, 

ceptual icit: t with the effects of verbal instruction on the transfer of a con- 

tasks in both Er Beverehr subnormal and normal children learned two consecutive 
of which they had to respond on the basis of the dimension of number 


and to i 
O Ig " : > d A má » 
gnore the dimension of size. During the initial task half of the subjects were 
e not. None of the subjects was in- 


Instrue 

Pu Apia while the other half wer 
normal and he transfer task. Instruction improved the performance of both the 
task, Thi " the severely subnormal subjects at the time it was given in the initial 
the bes] vera was also followed by improved cm task l i 
Previously —, However. pu i e pend group han the a 
who hind ve En instructed learnec the transfer task 1 8 } a subjects 
One po: ceived no instruction. — -— 
distineo ssible explanation for this difference net the two groups 15 ased on à 
on between positive and negative learning. It was suggested that both tasks 
(positive learning), but also of the 

given in t 


invo ei A 
ine ce learning not only of the correct dimension e of tl 
-orrect dimension (negative learning) The verbal instruction $ he initial 

d it was therefore suggested that this 


tash 

fet concerned only the correct dimension, an ere : 

Struction strengthened positive learning only. Since this instruction was followed 
with subnormal subjects, it was 


dy 

y go ' Š 

good transfer with normals @ s f , 
tive learning and 


processes in transfer 


vious posi 

transfer 

is could easily be tested by designing an experiment 

asks, one to which positive learning could be trans- 

ning could be transferred. Tt was predicted that 

fer to t transfer task more readily 
would transfer to 


] subjects the positive 
y subnormal subjects. 


m 
d eie negative lea 
in which eus that this hypothes 
erred anı Hora were two transfer t 
Severe] one to which negative lear’ 
y subnormal subjects would trans 


an " 
normal subjects, and that the norma 
n the severel 

hich severely subnormal and 


tra 
ansfer 
Ke er task more readily tha i 

cordingl : as carried OU inw 
Nor gly, an ex eriment Was 77. : E za . 
9'mal children all uad an initial task nt which the correct dimension was colour 
" : Gen. Psych. 56,1 


he negative 
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; ; spline is anak oR earned 
and the incorrect dimension size. Thereafter half the subjects in each group | : E 
i i i : a PES wai c "- anG 
the positive transfer task, in which the correct dimension was again colour, » ip 
h iv " task, in whi id re imension 
other half learned the negative transfer task, in which the incorrect din 
again size. 


METHOD 
Subjects 


avon dT 
There were eighty subjects. Forty wer everely subnormal children who were ico pat 
institution for the subnormal, and the other forty were normal children attending a loca E nati: 
school. The subjects were divided into four groups of twenty subjects: a subnormal ape 
mental group, a normal experimental group, a subnormal control group and a normal ei ihà 
group. The Eroups were matched in terms of the average M.A. of the subnormal proups ae 
average C.A. of the normal groups. The mental and chronological ages are given in ‘Table 1. 


Table 1. Mental and chronological ages 


Subnormal groups Av. M.A. Range 
Experimental -6 y. 8 m. 


Control -1 m-ô y. 10 m. 


Normal groups 


Experimental 5 y. 10 m. 6 m.-6 y. 9 m. 
Control 5 y. 11 m. 5 y. 7 m.-6 y. 2 m. 


Procedure 


sfer 
There were three tasks: the initial task, the positive transfer task and the negative up. 
task. These tasks were designed in such a way that only positive learning could bo ian rol 
from the initial task to the positivé transfor task and only negative learning could be trans rave 
from the initial task to the negative transfer task. For each task eards were used which dr 
in terms of two dimensions. The subject had to learn to respond on the basis of one D aps: per 
the correct dimension (positive learning), and to avoid responding on the basis of the nl 
dimension, the incorrect dimension (negative learning). Positive learning could be transfe ask: 
to the positive transfer task because it had the same correct. dimension as the initial “i d 
Negative learning could be transferred to the negative transfer task because it had the 5 sk- 
incorrect dimension as the initial task. Diffe: ipe 
Each card consisted of a capital letter on as 
and colour. Cards were presented four at à tir 
card on each trial, Each card was placed ove: 


rent sets of sixteen cards were used for ead < gize 
quare white background. The letters varied T abi 
ne and the subject had to learn to select the Rd yet 
r 2 shallow saucer, and on every trial a small 8V sects 
was concealed in the saucer which was covered by the correct card. In this way the sub) 
were rewarded whenever they made a correct choice, 

In the initial task all sixteen cards had the 


: s of the 
: s same letter, H, on them, but varied in terms 9 
colour and size of this letter, There we 


— 
: rd fot 
l re four colours and four sizes, Cards were presentec cach 
at a time in such a way that all the four colours and all the four sizes were represented E 


"Able 
trial; the combinations of colours and sizes Were varied syst ematically from trial to trial (J -: 
2a). 'The subject had to learn to respond to a partieular eolour and was re ‘warded each time io > of 
chosen; e.g. he might have to learn to respond to the colour green at each trial, irrespectiV* 
size. The correct dimension was therefore colour and the incorrect 
In the positive transfor task the correct dime 
different. from those used in the initial task, The incorrect 
cards were all 5 in. square; four different letters of simil 
used. Table 26 gives the s xteen cards ag they were 
initial task, the subject again had to le: a particular colour which was re 
each time it was chosen; c.g, he might have to respond to the colour orange at each trial. 
ever, in this task he had to learn that the particular letter on each card was irrelevant. r 
In the negative transfer task the incorrect dimension was again size, although the sizes 


dimension was size. : 
nsion was again colour, but the colours 


first four trials. 


yore 


; s eg em : an care E 
different from those used in the Initial task. The correct dimension was letter. The sixteen i the 
were formed from the combinations of four different letters and four different sizes. 4 phe 
letters were black. Table 2¢ shows how the ei 


ms als. 
ards were presented in the first four trit 


A 


Transfer of positi 
positive and negative learning 
83 


l Table 2 
(a) First four trials in the initial task (letter —H) 


Position 
S 
ee Extreme le! m 
f me left Centre left Centre right 
. ie à Extre igl 
ne, 9x9, green iem iu a A u 
TE 5x 5, yellow <7, yellow 5x 5, re f 
ga 3 3x3 7 ed row 9x9. "a Tet Red 
Pe 3x3. 9x9. grey TXT i 
ial 4 7x7, grey Herde d ka sem ME 
(b) grey 9 x 9, red 3x3, yellow E deed 
"^ | de 5x 5, green 
our i iti ae 
"PR ; trials in the positive transfer task (size 5 in. square) 
e ” xtreme left . 
hha Centre left Centre ri 
" right Ex i 
: | -— xtreme rigl 
Trial E ede x Brown X Black V B 
Trial : —_ x Orange L Blue T Fam. T 
al 4 iens T Black T Brown L P 
Blue V Oran; £ ack 
ge X Black L 


(c) Fir xls d 
irst four trials in the negative transfer task (colour—black) 


Positions 
xtreme left Centre left Centre right Extreme right 
Tři in. 4 2 
Tal l / : ) : ün.) (in.) (in.) 
Trial 2 Y a 4x4X 6x6V SxST 
qs 6x6 X sxsl 2x2T ane 
" 5 ae 3x8 L 2x2 x4V 
ial 4 nd 6x6T 4x4L 9x2 X 
«4T 2x2 V $x8X 6x61 


rewarded each time it was 


Subje 
As in the initial task, he had 


ct had 
Osen; to learr — P 
a ve, e.g. ho mishi in respond to à particular letter which was 
learn not to re ; have to respond to the letter V at each trial. 
? dimension: hie on the basis of size- 
sions which wer P ; 
which were correct and incorrect 1n the three tasks are S 


Or ea, 

haj ch task learni 
di sub ‘cha. as toa criterion of eight successive correct trials. 
iatea transfor tasi akay the positive transfor task, while the other half learned only the 
Mile for level of dim ese groups were introduced to check that the two transfer tasks were 
S ng the initial Ua üeulty. In the experimental groups, immediately after the subjects had 
: negative eRe half of them went on to learn the positive transfer task and the other half 
that hbo perfon r task. Hence, & relatively good performance in the positive transfer task 
Words ^ group pees in the negative transfer task by an experimental group would indicate 
S, on tho basis. erred on the basis of previous learning of the co or, in other 
sis of previous post Similarl pattern would indicate 


this group d y. the reverse 
e » : x dt 3 
pended more on previous negati f transfer situation. 


ummarized in Table 3. 
In the control groups. 


tive learning. 
ve learning in this kind o 


s in the three tasks 


m 
Table 3. Correct and incorrect dimension 
Correct Incorrect 
dimension dimension 
Initial task Colour Size 
Positive transfer task Colour Letter 
Nogative transfer task Letter Size 
Each RESULTS 
a subj i n 
bject was scored in terms of the number of trials between the first correct 
criterion trials. 


Ole 
e and 
t Pie f 
he beginning of the eight 
Control groups 
the average number 
ed the positive transfer task and 15:3 
6.2 


of trials to reach 


"ol group 


h 
l th 
Cri e seven 
verely subnormal cont! 
who learn. 


à terior 
1 was B 
was 14-8 for the subjects 
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; -- n = 18), The corre 
for those who learned the negative transfer task (f = 0-75, DF. = Is) 7 087 
1 T T P 2. = s 

sponding averages in the normal control group were 11-4 and 12-1 ( 


D.F. = 18). Hence, these results indicated that there 
the two tasks in terms of level of difficulty, eithe 
the normal subjects, 


zs ag ween 
was no difference betw for 
r for the severely subnormal or 


Experimental groups l P 
The initial task and the transfer task seores were analysed separately in i 
analyses of variance, in which Groups (severely subnormal and normal subjects) at 
Conditions (subjects who learned positive and negative transfer tasks) were por aec 
The normal group learned the initial task more rapidly than the severely pu 
normal group (Table 1). The average number of trials to reach criterion E d lack 
for the severely subnormal £roup and 12-8 for the normal group (P < 0-025). The Hian 
n 5 or Groups x Conditions interac cts 

o difference in the learning of this task between the subje 


ep he negative 
who later learned the positive transfer task and those who later learned the neg 
transfer task. 


gni- 
The transfer task scores 


: ; xU is ; ve a, SIE 
and analysis are given in Table 5, which shows à 


Table 4. Analysis of initial task scores 


Scores 
Av. trials 
to 
" criterion S.D. 
Experimental sub. 20 17-9 512 
normal group 
Experimental normal 20 12:8 58 
group 
Analysis of variance 
Sums of Level of 
Source squares D.F. p significance 
Groups 260-1 1 6-04] < 0:025 
Conditions 0-9 1 0-021 
Groups x conditions 8-1 1 0-188 
Table 5. Analysis of transfer task Scores 
Scores 
Positive transfer task Negative transfer task 
— e 
iE MEN Rr m Ree cen 
Av. Av. 
trials trials +p. 
n to criterion S.D. n to eriterion = 
-55 
Experimental subnormal 10 9-2 4-85 10 "m 35 
group 462 
Experimental normal group 10 5 3-56 10 TS 
Analysis of variance 
Sums of 
Source Squares D.F. F P 
Groups 7.225 l — = 
Conditions 3-025 1 — == 
Groups x conditions 112-225 1 4-32 « 0:05 


^ 


Fiii 5 ; E 
- — 7 - of positive and negative learning $5 
learned cha og ae me (P < 0-05). The severely subnormal subjects 
this tie Da aiii task more rapidly than the positive transfer task. For 
lh the positiva ——— of trials was 5:3 in the negative transfer task and 9-2 

ask. On the other hand, the normal group learned the 
ative transfer task, the average 


positiv 
e transfer task 
ansfer task more rapidly than the neg 
ask and 7:8 in the 


number of trials reis 
E dii T€ being 5-0 in the positive transfer t 
he scores of t 

between ne pte - control groups had already shown that there was no difference 

hormal subjects E ks in terms of level of difficulty for either severely subnormal or 

tiie: iterat s. It can therefore be concluded that the significant Groups x Condi- 

effect on bie s shows that previous experience of the initial task had a different 

transferred zm il o geonps in the transfer situation. Severely subnormal subjects 

earning as 2 effectively to the transfer task which had the same kind of negative 

transfer E initial task. Normal subjects transferred more effectively to the 
ask which had the same kind of positive learning as the initial task. This 


differ 
rence be 
between the two groups had been predicted. 


Tey tite, canan DISCUSSION 
learning | experiment severely subnormal subjects transferred previous negative 
the Siesta effectively than previous positive learning. Normal subjects showed 
etween Vol aint These results imply that there is a qualitative difference 
Of transfer a; wo groups in the learning processes on which they depend in this kind 
er situation. Since the ability to transfer is basic to behaviour which is on a 


Conceptual l ‘ 
evel, such a qualitative difference is obviously relevant to the study of 


MI. a 
g co m mental defect. 
Roupa. Then to be two possible explanations for this di 
reinforce ds first is that severely subnormal subjects learn m 
at to | trials than from reinforced trials, and for this reason transfer | ) 
Ments p ignore more readily than learning of what to approach. However, experi- 
that tans House & Zeaman (1958) and House, Orlando & Zeaman (1957) imply 
Possibili is not so, at least in a simple object discrimination situation. The second 
to on ity is that in all the tasks the learning of the correct dimension was confined 
haq t Y one aspect of that dimension. In the initial task, for example, the subjects 
leg : lean to respond to one colour only; but they also had to learn to ignore all the 
“he oe the correct colour was represented in all the four sizes. p the cma E 
i ect dimension, the positive be said to be relatively ae 2 x 


cone learning, could be sax a! 
Corre *rned only one aspect of that dimension. Similarly, the learning of the 
it, * dimension, the negative learning, could be said to be relatively general since 


90 
tis m all four aspects of that dimensio 
3 Tansf erefore possible that what has been 
s am es on the basis of learning which is speci® 
ave to ess able to do this and, in order to genera 
à Oth tal back on learning which js already relatively pe 
tid n but if it were supported by father RP ci 
Orm a major difference in cognitive processes etw 
al children. g 


fference between the two 


ore effectively from non- 
earning of 


fasti js that normal subjects are able 

fic, while severely subnormal sub- 
lize learning to à new situation, 
al. This is à tentative 
al evidence it could 
mal and 
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This experiment formed part of a thesis s 
fulfilment of the requirements for the Ph.D. d 
and Dr N. O'Connor, his supervisors, 
Park Hospitals, where this research 


ubmitted to the University of London in pat 
egree. The author is indebted to Dr B. M. Herme! 


` ys 
and to the staff and children of St Lawrence's and Botleys 
was carried out. 
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THE EFFEC " " 
EFI BOT or ATTENTION ON THE SLOPE OF 
GENERALIZATION GRADIENTS 


Daz N y 

j By N. J. MACKINTOSH 
nstitute of Experi 
e of Experimental Psychology; University of Oxford 

glo re tangle, and were then tested for 
T differing from it either in brightness or 
ior training either on a successive bright- 
ects who had received no prior training 
ed subjeets, those who were 


Fort n 
y-eight ri 
Ü ats were gives 
s were given 100 rewarded trials with a single ree 


generalizati 
TZutlor tw e 
| between this first rectangle and anothe 


in orien . 
tati Thir 
on. Thirty-two of the rats had received pr 
teen subj 


ness o 
88 Or Or y ; 5 
showed Do GRUND diserimination. The 
ermediate gradi <n 
liate gradients of generalization. Of the pretrain 
ning discrimination showed 


ension as their pretrat 
lization along the opposite 


tested fi 
or pene H : 
generalization along the same dim 
tested for genera 


signifie: 
antly steeper à 

y steeper gradients, while those who were 
steep gradients. 


dimonsi 
nension showed significantly le: 

ashley & Wade (1946) and Hull 
ation centres round the role of attention in 
Lashley & W ade claimed that a gradient 
With a single stimulus, if during this 
along which generalization is sub- 
terms of that dimension. Hull, 


On 
one it ; P 
iterpretation, the controversy between L 


(1947 

947) con : 
cer " : 
detenis rning stimulus generaliz 
di Sonen P. gradients of generalization 
alization is » : 
experience tn is only formed after experience 
1e subject attended to the dimension 


Sequ 
ently 
y measured, i a 5 
on the P. Sige i.e. classified the stimulus in 
* Vbher he T " <9 
and, claimed that gradients of generalization are produced automati- 


cally. This poi 
will oo has been obscured by Lashley & Wade’s further claim that animals 
between ts end to a particular dimension if they n discrimination training 
stantiated oe on the dimension. This strong claim, 
Iseredited » venalis briefly reported by Lashley & Wade, h 
With rats ; i experiments by Spence (quoted by Hull, 1947) 
, and Warren & Hall (1956) and Warren & Brookshire (1 


‘ave all 
all fai . 3 
i iled to confirm Lashley & Wade's results. 
ht to refute Lashley & Wade’s position c 
all that they show 


are give 
although apparently sub- 


assince then been seriously 
and Grice (1948, 1951) 
959) with monkeys, 


om- 


$ 
hese 
ids et a results have been thoug 
i ; but if the above analysis is correct this is clearly untrue: 
sion is not à necessary condition for 
animals 


Ig t 
le stimulus 


along a dimen 
atduring experience with a sing 
along at least one dimension 


a certain region 
h a classification 18 affected 


if no 
y oo see Butter, 1963). The weaker claim, that suc jest 
Support i. a remains untouched. Furthermore, such evidence as there is tends to 
lids : MeCaslin, Wodinsky & Bitterman (1952) with rats, and Gentry, Overall 

1 (1958) with monkeys have shown that, under certain. (rather ill-defined) 

ented alone will 


Cire 
umst; " , 
tances, subjects who have been pretrained to select S’ pres 


not 
Necessary; 
Cessarily prefer S’ to S” ina subsequent test. . 
ave not attempted systematically to control the 
the effect of such 


Sv 
iig experiments, however» hi 
ie: dimension to which an animal will attend, and to iei heel o 
Major ure on subsequent generalization testing. In the presen o a ; E 
exam groups of rats were trained to approach a singly presente stimu us— ‘or 
ple a White Horizontal WH) rectangle. Generalization was measured by pairing 
aig $ ontinue to approach the 


thi 
lS sti x 
Imulus with a new one; and training animals either to C 


hat 

experi z 

Ridges, ie with two points 

will Bises that dimension, and th 

: ass) . s 
y the stimulus as occupying 
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WH rectangle (Non-reversal), or to approach the new stimulus (Reversal): the ye 
the difference between rates of learning for the reversal and non-reversal soon 
minations, the steeper the gradient of generalization. In this way, generalization lat 
measured along either the dimension of brightness—the WH rectangle was prm 
with a Black Horizontal (BH) rectangle, or along the dimension of oricntation— 
WH rectangle was paired with a White Vertical (WY) rectangle. m 

A control group was simply trained in the manner outlined above: they WEIS p» 
given any training designed to ensure that they would attend to any eee 
feature of the single WH rectangle. Two further groups (Relevant and Irrelev ph 
were pretrained on either a successive brightness or a successive orientation = 
crimination. This was designed to ensure that they would classify the single " fi 
rectangle either in terms of its brightness or in terms of its orientation. ‘The are 3 
to be tested was that if the WH rectangle was paired in the generalization test wit > 
stimulus differing along the same dimension as had been used in successive P ig 
training (Relevant group) then a steeper gradient of generalization would resu is 
whereas if the WH rectangle was paired with a stimulus differing along the du. 
sion which had not been used in successive pretraining (Irrelevant group) then 
shallower gradient would result. 


METHOD 
Subjects ; 
ain- 


4 . , r 5 * , im 
The subjects were forty-eight experimentally naive male hooded rats from the colony the 


H H Porm . " t 
tained at the Institute of Experimental Psychology, Oxford. They were 3-4 months old # 
beginning of the experiment. 


Apparatus 


r - " ; each 
The apparatus was a modified Lashley Jumping stand, with landing platforms ie were 
window, and has been described in more detail elsewhere (Mackintosh, 1963). ‘The stimuli 


ard 
s E rd boa 
cut from } in. black, white or grey Perspex, and mounted on 15x I5 em. brown hare 


doors. During single stimulus training, a grey wooden partition, 12 in. high, was clamped jus 
the jumping platform. It extended forwards as far as the partition dividing the two stim” ne 
windows, and thus divided the apparatus into two single-window stands. A rat placed on 
side of the jumping platform had no option but to jump to the single window in front of it. 


Procedure 


One week before the start of the experiment, the subjects were put on a feeding se 
lj hr. food per day. Water was always available in the home cages. Subjects were pret? ^, 
in the apparatus, to j ump first to open and then to closed blank doors. During training. t€? r 
correction trials were given daily, with a 6-8 min. inter-trial interval, Correct responses wsi 
rewarded with 20 see. access to food on the feeding platform behind the stimulus windon ie 
no punishment was given for incorrect responses. 


$ Subjects were detained for 10 sec. pat 
landing platform in front of the locked negative door. Further details are given in Mack! 
(1963). E 


Experimental design 


1 
a 
3 . " NEN OE T. i wee ^ „ment 

Stage 1: successive discrimination training. Thirty-two subjects (the two experi p 


groups) were given 200 trials of successive discrimination training. Half were trained tO J two 
right to two black squares and left to two white squares; half were trained to jump right (o was 
horizontal grey rectangles and left to two vertical grey rectangles. The size of the square’ vod 
6-5 x 6:5 cm., and of the rectangles 10-5 x 4 em, 


peter 
i The control group of sixteen subjects T° 
no training at this stage. 


E fi oct 0 S ~! cus D 
f attention on slope f Jen era i0n gi (€ 3 
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Stage 2 i 
" ge =: single stimulus traini j E SEEN 
stimulus. The side of tl lus trainmg. All subjects were given 100 rewarded j O a sin; 
à | M ‘ rdec s asot 
which they jumped) bd miim platform on which they were placed (and danses : i n E 
CR ares as varied from trial ial in a retis 
Wale t rial to trial in a random ord ixtee bjee s 
: dien er. The six S j i 
subipien . o experimental and one c h ivi i : cane or 
P mado e control) were divided into four equa grou ! en eh 
rats was trained j im fs WH V 
to jump to one of the fi d i VV, B L 
o j e following four stim i: W- V 
g stimuli: WH, WV, BH 


BV. E 
i| Each of thes 
Stage 3: xiecm 
IR dtc aie non-reversal or revers "nini M 
between CEAN E E training. All subjects learned a simultaneous discriminati 
rw in brightness id E sed in single stimulus training and another rectangle differing f omen 
20 consecuti a orientation. The criteri f le: wni i in ed 
) Ghi ve bale. wi ion of learning was 18 correct responses 
: dials, ay E g responses out , 
timulus was positive vith the last 10 all correct. For half the subjects in each group ae dee s 
s e reversi E o o H H as "x BIEN 
lusum heus Anon reversal); for half, their single siimulus was negative (reversal) w 
E xperimental design comprised three major groups (cf. Table 1) : 


rectangles measured 10: 


e subdivision of each of the three 
of the experiment 
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Stimulus dimension 


‘ 
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e i JE * 
1. Experimental design: progressit 
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training 
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1 


Animals 

als/subgroup 1 
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group of eight had been given 


(i) Gy 
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;o the final discrimination was à 


Versa i 
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rightness aim possible single stimuli, à 

i (ii) Crow iscrimination, for the other an ion discrimination. 

tightness s The relevant group was given ssive tr 

Wo fom. iserimination, eight on an orientation discriminat: 

Tetter ori Of thess sigh ved trained with one 

Dis op ch of th um ‘ 

gro ese pairs learne A ape AP 

Cessiy up the final discrimination involved the same stimulus dimension a$ un M suc- 
actly as group R, except 
site dimension from their 

their final problem was an 


Te 


s: eight subjects on à 
imulus training, 
Finally one 


ther à reversal For all subjects in 


e train; i 
raining: if that had been ® brightnes 


(iii) 
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e irrelevant group © involved the oppo 


a 
or thi a 
is group the final discrimination always lved 
een & brightness discrimination, 


Nee 

essive di 
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"'ientatio discrimination : if that had 
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RESULTS 
sive discrimination training 
à brightness and orientation discriminations were not equally easy. Although 
Ubjects reached iteri £ 80% correct res two successive days, the 
ached o : - i 
rper -° sag 12°87 for subjects trained on the brightness 
discrimination 


Mber 

ofd ee 

leues cee to reach this criter! cried 
mination, and 16-19 for th e orientation 


Succes 


T 
a 


Ny 
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: TEN. > averaged 
(t = 2-70: D.F. 30: P < 0-02). Over the last twenty trials of training, they averag 
92-8195 and 85-62 9$ correct, respectively, 


Non-reversal or reversal training 
p " i , " " à ; gives 
The results for this stage of the experiment are shown in Figs. 1 and 2. Fig.1g ns 
" > ONE io. 2 gives t 
the percentage of correct Tesponses over trials 1-20 of training, and Fig. 2 give 
number of trials to criterion. 


60 


Percentage correct 


Non-reversal Reversal 


Fig. 1. Percentage correct responses over trials 1-20 of 


ining 
" TEN ; rain 
Simultaneous discrimination t 
(stage 3) for non-reversa] and reversa] subgroups of 


1 
groups C (control), R (relevant) an 


i a ; e Ë ona T. phe 
i eg stints a o e The threo main groups are distinguished in terms of ^ 
sence, relevance or irrelevanca Sif ast LESE d É Bet yar cue yi 

(cf. Table 1. Trelevance of preliminary training in Successive discrimination at stag 
120 
100 
E 
Fu 
E 80 
£ 
E 
AS 
& 60r 
40 
R 
Non-reversal 


Reversal 
Fig. 2. Mean trials to criteri 


on in simultaneous iserimi 
S di 
reversal and reversal = 


non 
nati ini stage 3) for 
Subgroups of groups c, on [ap 


Rand I; n = 8 per subgroup. 
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It is ¢ 
8 apparent from Fi 
; "ig. 1 that only gro showed : 
heater ciini ave ate y group È showed a marked tendency during 
ant d als of training to select the stimulus shown in si sË Š 
ioc. dee Mm s E in single stimulus 
liver. rea he other groups the differenee between non-reversal and 
s sets Was sm: Mie j 3 Š SB $ 
Sf idum ] " s was small. This impression 1S confirmed by the results of analyses 
€ . oT ME s» , : = 
NC à group R the difference between non-reversal and reversal subjects 
inu ote (F = 12-19; D.F. 1, 12; P < 0-01); in group C, it fell rain of 
ane P — 3-86: 0- 5 i it i à 
e 3-86: 0-10 > P > 0-05); and | i 
: 5); and in g ren ë 
daiis LP «s 13 ) in group J it did not even approach 
Similar ' 
ar ai “Be. VOTE -CATTI i iteri 
both fer d ialyses were carried out on the trials to criterion scores (ef. Table 2) 
he 1 ^ : f i “tl saa 
e main groups, and separately for the subgroups trained at this stage 
a » -noss discrimi 1 i i i imi [ th 
brightness discrimination or on an orientation discrimination. In the 


" 
Tabl 
ble 2. Pri . 
ilio ami ials to criterion for simultaneous discrimination training (stage 3) made by 
o ermita in the three main groups in relation to the two types of discrimination, and 
'ombin. H ] j 
ned, with and without reversal; n = 4 for each of the subgroups shown 


Brightness —BW 
Bw htation—E IV 
W and HY 


Combine 
d 45:62. 10-08 


$62 
12:34 


;7S 122-00 38-08 65-75 


Kind of 
dimultaneona can € Genpa CNDH o 
discrimi A . ——— r- ^ ~ 
me unation Non-reversal Reversal Non-reversal Reversal Non-reversal Reversal 
amning In ET S x "C "un penan idi 
stage 3 pec p ——À peche 
npa Mean s.p. Mean S.D- Moan sp. Mean s.p. Mean sD. Mean sD. 
618 108-50 39-37 61:50 33-85 81:50 20-25 
7 28-63 83:75 37.84 


14-07 11525 3931 65:12 31-56 82.02 30-36 


89-87 40:95 29-62 


subgroup, F = 14-06, 
for the combined 
f the three differ- 


ant: for the BW 
2-76; P < 0-01; 
C, two out 0 


Case of op 
Bos à poup R, all differences were signific 
1, 6, P < 0-01; for the HV subgroup F=1 


gror Al 
hoe F = 26-76; p.r. 1, 12; P < 0:001. In group 
S were significant: for the BW subgroup, / = 5-99, P < 005; for the HV 
e combined group. F = 9:64, P < 0-01. In 


Subo: 
group, P = 3.76, P > 0-10; for th 
in all three cases, F « 1) 


grc 
= Ti. E m of the differences approached i i a eral 
and iii the results show that the difference in performs; W sar jdm 
in m = subjects was invariably highly ane B deri wo es A. 
Benes ^. and far short of significance in group : s 8 p : 7 reri 
simal ed on the hypothesis outlined above, but it is importan O E E E ^ 
Bhd i y whether this difference was significantly larger m grobe nn s ocn , 
p arger in group C than in group J. As amore direct measure 0 his, the g 
Tocedure was adopted Within each non-reversal and reversal subgroup, there were 


ei ; accru M ái , 
iud subjects, half trained on a brightness discrimination, half trained on an orienta 
1 ae PN rail ith : i rent 
on discrimination, and each of these as trained with a different 


four subjects W 
ach subjec al subgroup was sub- 


DOS ý AG 
es stimulus. The score of e: tina non-Tev preal posed 
ipi from the score of the corresponding subject in à Mes g ap : lea 
,.* Of Table 1): these scores represent non-reversal-reversal differences, and f^ 
analyses of variance were yerformed on them. The first compared the magnitude of 
3 differences in von T and group ©: they were significantly larger in group R 
Fis 23-56; D.F. 1 oe P< 9-001); the second compared group C with group I: the 
eee: y signi = 850; P < 0-025). 

TUER 


di i zer 
ferences in group C were not ficantly larger 


significance ( 
rformance bet 
oup R, u 
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Discussion -— 

The results show unambiguously that the slope of a generalizat ion ie ipea 
ing single stimulus training is influenced by prior training. Naiv e su jc : d. poth 
e eei of a single WH rectangle, show gradients of generalization along n 
ee rman and (less significantly) orientation dimensions. In other — Thus 
to classify the WH rectangle as both white and (less markedly) D cdi 
Lashley and Wade's strong claim, that such classification only occurs if su oen is Be 
had experience with two points along a stimulus dimension, again ponen 
refuted. However, their weaker claim that the occurrence of such 1 ium prior 
depends upon attention receives convincing support : if an animal A Hn eit 
training on a successive brightness (or orientation) discrimination. this bid ondingly 
its tendency to classify the WH rectangle as white (or horizontal). and corresp 
decrease its tendency to classify it as horizontal (or white). aubjects 

In the case of group C, the differences between non-reversal and reversal E sig 
were relatively small: they were not significant over trials 1-20, and were only i e 
ficant on trials to criterion for the BW subgroup. A partial reason for this pe eit 
be that the single stimulus training procedure did not demand any choice Lon fully 
from the animals, and that therefore they failed to look at the stimulus e 
(failed to establish adequate ‘orienting responses’). This r me visui io 
group R showed very much Steeper generalization gradients; but it is — also 
note that it can certainly not be the only reason, since, if it were, group J, W nae 
received training ensuring appropriate orientation towards the single stimulus, § 
also have shown steeper gradients, 

The mechanism of attention implied by the vide 
one, i.e. of the type suggested by Sutherland (1959). These results. therefore, pro or 
additional support for such a theory of discrimination learning, and in a 
the implication that, the greater the tendency to attend to one stimulus apr ! 
the less will be the tendency to attend to another (Sutherland & Mackintosh, 1f 


night be one reason 
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se results must in fact be an 1n 


ted 


This work forms part of a project on Stimulus tly 


partly by the U.S. Office of Naval Resear 
by the Nuffield Foundation, 


, . or 
Analysing Mechanisms, ei o 
ch, Contract No. N 62558-3927 and I 


REFERENCES 

BUTTER, C. M. (1963). Stimulus ge 
Lap. Psychol. 65, 339-46, 

Gentry, G. Wh OVERALL, J.E. & Brow. 


neralization along one and two dimensions in pigeon? 
ining °” 

N, W. L. (1958). Discrimination after pretraini 
ychol. 51, 464-66. 

GRICE, G. R. (1948). The ac iscrimination habit following response to 
stimulus. J. Exp. Psychol. 38, 633-49. 

Grice, G. R. (1951). The acquisition of 
response to one stimulus. J, Comp. Ph 

Hutt, C. L. (1947). The problem of 

LASHLEY, K.S. & Wane, M. (1946). 
72-87. 

McCasriN, E.F., Woprisskv, J. & Brrrermay, M.E 
function of prior training. Amer, J. Psychol. 65, 1-1 


a singl* 


R ion 
a visual discrimination habit following oxtinctio! 
ysiol. Psychol. 44, 149-53. 
primary stimulu 
The Pavlovian 


120-34 
S generalization, Psychol. Rev. 84. 53. 


rev. 
theory of generalization, Psychol. Bi 
a 


-——- 
*. (1952). Stimulus-generalizatio™ 
5. 


Effect of attention on slope of generalization gradients 93 

Maekistosn, N. J. (1963). The effect of irrelevant cues on reversal learning in the rat. Brit. 
J. Psychol. 54, 127-34. 

ScrHERLAND, N. S. (1959). Stimulus analysing mechanisms. In Proceedings of a Symposium 
on the Mechanisation of Thought Processes, vol. rr, pp. 575-609. London: Her  Majesty's 

" Stationery Office. 

SUTHERLAND, N.N. & Mackintosu, J. (1964). 
Nature, Lond., 201, 528-30. 

Warren, J. M. & Brooxsume, K.H. (1959) Stimulus gene 
learning by primates. J. Ep. Psychol. 58, 348-51. 

Warren, J. M. & Haun, J. F. (1956). Discrimination of visual patt 

vation and frequeney of reinforcement. J. Genet. Psychol. 88, aget. 


Discrimination learning: non-additivity of cues. 


ralization and discrimination 


erns as a function of moti- 


(Manuscript received 7 April 1964) 


Brit. J 
- J. Psychol. (1965 
i" . - (1965), 56 = 
P, , . 56, 1, pp. 95-11: 
rinted in Great. Britain pe 
95 


VISUAL I 

MAGERY PRO 

STN ODUCED BY RHYTHM 

ULATION: PERSONALITY dye a 
PHENOMENOLOGY 


By SANFORD J. FREEDMAN 
Tufts University 
anp PATRICIA A. MARKS 
Radcliffe College* 


This s 
S study is 
y is concerned with ri ionshi T. 
with relationships between descriptions of visual imagery produced b 
y ce r 
y tests. Indiv 1 


rhythmi 

ythmie photi 

the TM photic stir i 

abilit nulation and f i d 

S 55 a number of person: lit; i 

and b suspend their ; i pomera eae i 

suggestibility also heir goneralized reality-orientation described more imagery; Mesi de 
A so seemod to be important. Subjects” expectations about what they v ud 

| they woul 


See | 
nflue; 
need thei 
aeir reports 5 
ports, although comprehension of the experimental design, fatiguo and 
H : H : ‘pate 
1 personality variables indicate a close relationship 


Motivati 
» 1 "eon 
i M d not relevant. The correlatec 
deprivation. pes of visual imagery : ' i 
ic nar gory ; the phenom ay fits à SY: esizet scripti 

a a ce aea sth he ae fits a synthesize d description of sensory 

ypnar gery: 

clinical electroencephalography. Asa 
hythmie photic stimulation almost 
The principal object of the present 
certain personality variables and 
imulation. Secondly, the experi- 
to other types of imagery 
ecifically, hypnagogic 


The Photie sti 

Me nicis samglator has long been used in 

always mm ^ this work it has been found that r. 

Pin T duces a wide range of visual imagery: 

€ Visual imagery obtai onship between 

i. nt ; attempted : ained by ghybtunde photic st 

js Derienco i2 ies photic stimulation imagery 
agery, m ^ ifficult to study in the laboratory—SP 

- evious me B m hallucinations, and mescaline visions. 

um he tihemenasgal iese problems falls into two main categories: first, comparisons 
ondly, in ean qualities of the imagery occurring under different conditions; and, 

stigations of the personality variables related to imagery production. 


as c — 
to investigate the relati 


compared. with hypnagog?cs 
1 mescaline imagery 

¢ stimulation imagery (Blum, 1956; 
1949) have described four central 
nent, geometrical patterns, and meaning- 
Certain shapes such as circles, 
d with great regularity (Blum, 


ation imagery 
vation, tna 


ed photi 
& Walter; 


(i) Photic stimul 

Experi: sensory depri 
“tythies menters who have investigat 
character; 1968 Walter, 1953; Walter 
ni of the imagery: colour, 1 
he last reported by only very 


oven 
few subjects). 


Spi 
Ira] 
l S, checker ; 
ag; Sm "ds boards, and waves have been mentione 
) d ies E isti 
lotio sti ythies, 1959). Smythies (1960) concluded that these characteristics of 
Sun ati * Pii ë ] : ^ 
ulation imagery are similar to the imagery occurring 1n the first stages of 


he form constants found in 


"Scali 
ine j zi e 
intoxication. 
‘ or all of tl 


lü 

ver (1945 

. “Sealine 942) had also noted that som à man * 

[E iallueinations are also found in certain hypnagogie hallucinations and in 
ic flicker- 


tating disk j 
sk condition similar to photi 
* Present address. Department of Social Relations, Harvard University. 


- deprivation 

Bexton. Heron & Scott (1954) were the first to report that Me: bre 
produced * visual phenomena. . . quite similar to what have Nano 1 p^ inihi] 
intoxication, and to what Grey Walter has.. produced by €— with that | 
light" (p. 12). The range of phenomena they described nie ee Stare È 
reported in the photie stimulation literature. Freedman, dea ei closer t? 
Greenblatt (1962) concluded that sensory deprivation imagery lie : 
hypnagogic and hypnopompie imagery than to psychotic ee shenomen® 

Perhaps more convincing evidence of the similarity between the se i the intel” 
of hypnagogic, sensory deprivation, mescaline. and photic stimulation at 
active and summative effects of the 
(1960) has found that photic stimul 
that ‘hallucinations’ can be 
smaller dose of mescaline than would otherwise 
effects. 


1 
anc 
" " . i semblances * 

Thus the literature contains evidence for phenomenological resemb 


- -thies 
: rs g , Smy 
various conditions. For example, aline an 
i j ` mesca! 
ation potentiates the effect of — with è 
n " " " inatic 
induced by photie stimulation in combina 
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game 


ieve the 
be necessary to achieve 


alin 
. : ; à c i mese 
functional relationships among hypnagogie, sensory deprivation, and 
imagery. 


Gi) Possible personality factors 
Smythies (1959) and Blum (1956 


< gt 
; s Pu : ferns remain 9? i 
patterns differ among subjects and that individual imagery patterns rel we th 
over long periods of time. But the photic stimul 


subject of person 


y 
page” 
. ation 1m a5 
) have reported that photic stimulatio! ple 


ality factors associate 
Sogic. sensory deprivation, mese 
menally, very much alike, it a 
personality variables associate 
consider their relevance for 


). 
^ i : j ^xvmeapu ATC, F e 
aline, and photic stimulation imagery ave; tb 


der " 

d with imagery in these other situations in 9! 
photic stimulation imagery. 

Goldberger and Holt have worke 

the production of imagery during 

1960; Goldberger & Holt, 19615) 

adaptive response to 


duction and controlle 


d extensively with personality variables er 959 

Sensory deprivation (Holt & Golban ed 9^ 
- They identified a syndrome which consti ry e 
ion. This syndrome included image" “ts 


à :Q ever? í 
cess during isolation. Tt was also highly related to vividness of imagery in 9 vols 
life in a student sample. Finally, the Rorschach 


‘ag pO81" ar 
; : colour sum measure was Mo oe 
related to imagery in a group of actors, although not in the student group- d 
(1957) pointed out that hypnagogic images 


artists as source material, Thus, sensor 
imagery have both been linked with 
Freedman et al. (1962) 


use io 
eee te re been g! 
and hallucinations have b ag"? 


n a 
TORP à hyP I 
Y deprivation imagery and Ry ati? 


n d 
Š :ve imag! n 
aesthetic tendencies and creative imë y 
found a direct, 


j" 
relationship between sensory deprive awe 
hypnagogic imagery. They reported a Significant positive correlation pri t d 
histories of hypnagogic imagery and reports of imagery fron their sensory 3 ot 
tion subjects. Ardis & McKellar (1956) came to a similar conclusion with t° qi 
mescaline and hypnagogie imagery, i 


Camberari (1 958) 


Pn 4mazy P, y 
to be Significantly correlated with controlled pri™® «day 
FAM nation? 
identified a syndrome adaptive to an isolation situ 
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mersi in aw: : N 
oem . ry se apt ; uke E~ and Holt's syndrome, it included a greater 
duction of and telenge vae " : 2. z apre apie aho inolt UE grim pas- 
Mor, T. n renter eda in a egr paale ot less concern with reality orienta- 
reported affective ipie : que E erna actors that reinforce reality; and more 
what Goldbeirer 2 n E o the aieuation. These characteristics are analogous to 
Prin "e m olt. termed controlled primary process mM the adaptive 
The disti i hey identified. 
di Foren iau feature of Camberari's study was that he was able to predict 
gestible' "-— enn to the isolation situation by dividing his sample pato a ‘sug- 
idek : — group on the basis of a battery of tests. The adaptive 
aytideense : - v" escribed was typical of the suggestible group. while the maladaptive 
correlated owt the non-suggestible group. Thus, suggestibility was positively 

Seascale, a greater number of reports of visual imagery during isolation. 
hypnotizal re y, as the term is used by Camberarl, seems to be equated with 
componer s ity. But Orne (1959) distinguished two quite different. subjective 
P ouriise. s of the hypnotic state: one 1$ à compulsion to follow cues given by the 
(1959) à i the other is perceived discontinuity from the normal waking state. Shor 
State b iiie the discontinuity from waking experience typical of the trance 
define i : as COREE UH of a temporary fading of the generalized reality orientation A 
Anian as ʻa structured frame of reference in the background of attention which 
s, interprets, and gives meaning to all experiences (p. 585). He then defined 


ag a i i 
cae hypnotic subject as ‘a person who has the ability to give UP voluntarily his 
Sual reality orientation to a considera Considering this ability 


as a ble extent’ (p. 598). : : 
sug component of Camberari’s suggestibility provides an explanation o vis the 
ee subjects were also less concerned with reality-orientation and more 
T to ignore external factors which would reinforce reality. 
iah deprivation study by Leiderman (1960) m ee 
feat; y confirm the association between imagery and an à y e , 3 a ^ 
"atures of the environment. With six subjects. he found imagery production to be 
nee as meas 


Sane 
'Snificantly correlated with field-independe ured by the ea in n. 
© Interpreted this result to mean that imagery is related to indepen ence of the 


exter 
te environment. 
1 Freudian terms, Shor’s ‘generalized reality 


ünetion E EC Simil: ‘Jy, the ability t 
S : yg. Similarly, ‘ 
of secondary process pee a temporory 187 ession to primary-process 


"D Odi tenlo 
he od, an is understandable that Camberari’s suggestible 


üneti x , 
Pe trei des nae aram , ssive phenomena, including ‘hallucinations’, 
der ed with the occurrence of visual 


d data which may 


forms many of the 


orientation’ per t 
emporarily to give 


jects were " 
an : more productive [5 ; 5 
E that controlled primary process was associat 
- i i : : T 
gery in Goldberger and Holt's samples m m pu — 
mary P terpretation could 


m eins one can also connect pri ages), This in 
h duin to the dominance of logie presents oe goatee responsive- 
in w E an et 
Ness cn Rorschach wy related with mu aera 

CUEVAS zes ability to 
Suspend ? i "B Am da d abilit 
the * m 'ealit orientatior PES nation, A 
actor j generalized rea y | imagery in the sensory deprivation 1 
pU the production of vise" 7 Gen. Psych. 56, 1 
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: ility to 
the literature suggests, then Sutcliffe’s (1958) work relating voee 
imagery activities is of interest. He found that hypnotizable ee erase 
ficantly more highly on several imagery tests, including one devoted to visu: E 

sively : re to 
oos m of these findings, it is interesting to see references in the cog o 
similarity between photic stimulation effects and the hypnotic trance sm me hë 
(1956) stated that a few of his eleven subjects reported trance ee eh he 
flickering light, while Kahn (1954) found that simultaneous visual, auditor) 


a i AEUR -pnotic- 
tactile rhythmic stimulation could produce ‘in a relatively short time, a hy a the 
type stupor’ (p. 103). Kroger & Schneider (1959) used photic stimulation 


specific purpose of hypnotic trance induction. ET 

Thus the concept of the ‘generalized reality orientation’, developed for » Ad 
phenomena, seemed to explain and give unity to diverse experimental ppp rtt 
relationship between imagery and personality. Evidence concerning a ey thet 
between the effects of photic stimulation and hypnotic trance states indicated ja m 
that this construct might furnish a useful theoretical framework for the pre 
experiment. 

In summary, the literature indicates that: 


(1) There are similarities among the visual phenomena of hypnagog!e st 
sensory deprivation, mescaline, and photic stimulation. 

(2) Photic stimulation can produce an effect simil 

(3) There are stable individual differe 
among subjects. 


(4) Sensory deprivation imagery is rel 


pnotic 


ates, 


state- 


ater 'pnotie trance 
ar to a hypn s pattern 


nees in photic stimulation imagery 


jables 
ated to the following personality variab 
(4) controlled and accepted primary process; emotional responsiveness: 
(b) vividness of imagery in everyday life; 
(c) history of hypnagogic experience ; 
(d) artistic and imaginative self-concept ; 
(e) suggestibility, hypnotizability ; 
(f) field independence. 
(5) The concept of sus 
variables into a unified 
extending their relevance 


pension of the “gener, 
frame of reference, 
to photic stimulatio 


. : . -— 

alized reality orientation’ ud, 
". " as 

and provides a theoretical bé 

n imagery, 


THEORY AND HYPOTHESES 
The ‘generalized reality-orientation ’ 


i g referen? 
1S conceived as a cognitive frame ot T NT 
which constitutes a person's ordinary ‘reality’. Fr 3 ‘ 


m y, these functions are e 
equivalent to the cognitive components of the ego or the secondary process is 
tion’ (ibid.). 

The fading of this generalized reality-orient, 
of awareness defines what Shor calls ‘trance’ 
Freudian terms, it refers to many of the same 


d 
n 
rou 
ation into a more distant u^ " 
(Shor, Orne & O'Connell, 19 ce t? 
phenomena covered by the co? 


Visual i 
il imagery pr 
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mac | j j 
; y rhythmic photic stimulation 99 
Te view - : 
iode ssion in the service of ego’ 
bars lies av ng a ‘trance’ component in so far as they = cal verus ar er 
fee] ary reality. Hypnosis is e desidiae ee 
Wenger. À ypnosis is one such ph ee 
. : — n phenomenon. Other zhi 
tion, and the in this category are hallucinogenic drug paara pnia a en 
iau l g 3 neces, sensory i 
om the — utional phase of creativity (Shor ei al. 1962) Mun du dd 
ypothesis th: > hy i : an 
important P e — hypnotic state contains a ‘trance’ component, ' 
Decon ...is the predicti indi wed 
use prediction that most individuals w 
con PX the m viduals who can readi 
€xperiences which h ypnotie subjects have had many profound cere. 
ines Hea ha ave sey naturally in the normal course of living The th m 
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literature and in common sense thinking, the minimum criterion for an image is that it 
should have a shape. Since the word imagery seemed to imply form as a minimum 
criterion, it was possible to formulate hypotheses about this aspect of the imagery o 
the basis of previous experimental work. This was not the case with the colour aspec! 
of the imagery. Although no predictions could therefore be made. the relationship 
between colour reports under photic stimulation and the personality variables Wê 
also investigated. 


EXPERIMENTAL DESIGN 
of the 


Each subject was tested once over a rango of flicker frequencies to obtain a sample «one 
ha 


formal and chromatic aspects of his imagery. The results of a pilot study had indicated th jont 
series of exposures to the flashing light over an adequate range of frequencies would be aui. 
to obtain a representative sample of the variety and amount of imagery for a given e eased 
After this series of exposures. a form suggestion procedure was used in order to test hypot A 
about suggestibility. peen 
One problem of design was that if imagery was responsive to explicit suggestions, 8S had Jue 
indicated in the pilot study, it seemed likely that it would also be affected by the implieit ee 
offered by the experimental procedure itself—what Orne has termed the ‘demand t" 
teristics’ of the experiment. Thus, the degree to which suggestibility affected imagery XP n- 
might depend upon the way in which the subject perceived the experimental situation- tegy 
sequently, it seemed necessary to assess and control for ‘demand characteristics `. The aten peit 
used for this purpose was Orne's (1959): subjects wore intensively questioned concerning " ion 
expectations before the experiment, and their ideas about the purpose of the photic timu d » 
procedure after it was over. It was assumed that subjects who perceived the experiment "ye 
certain way would manifest similar experimental behaviour if ‘demand characteristic? 
& determining factor. 
Another methodological problem was that imager; 
ability as much as, or more than, by the visual experience itsolf. The influence of verbal & «heil 
was assessed by asking subjects how adequately they felt they had been able to doserib? unt 
visual experience. It was assumed that if this r ‘ 1 


| 
, verb? 
y reports might be influenced PY” ity 


A j > am! 
: em ating was positively correlated with the © gie 
of imagery reported, verbal ability had contributed significantly to the supposedly visual re? 
METHOD AND PROCEDURE 
(i) Subjects loy 
«a, H 1 " 1 a 
Tw E paid subjects, ten male and ton female, were recruited through the student pie 
ment offices of three nearby colleges. Ages ranged from 18 to 25, with a mean of 20:3 m 
(ii) Photic stimulation sessions gio” 
T "i - H - . NE 
ac m ment involved two sessions one or two days apart. At the start of the m 7 » t 
€ subjects were told only that the experiment would involvo an eleetroencephaloE" mU 


id Enn T a description of what they saw while the light was on. Before photic © mos 
enaa wee S questioned about their motivation for participating a M 

> ta erning the experiment. They were tl i ini jEG by f 
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eyes closed. After the clinical EEG, the subject was inst A ho light was jd t0 
was to describe everything he saw : meted that; while the ue 


ae 

look straight ahead with his eyes closed, no i joldi 
s x ec, not to move, and to rolax as possible. ^, gel 

PS-2 Stimulator was placed about 1 in. from tho subject’s casemate ait the vist q PA 

rolati ga intensity was set at 16. In this part of the photic amanan. rocedure. cal i phe 

spontaneous reporting condition’, the duration of cach exposure t di i ht was a "m i 
first exposure was at a frequency of 1 f.p.s. a or pte : 


3 r T i 
(flash per second) with later exposure? B termi? 
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(c) Rorschach test 


Three Rorschach cards (IT, IX, X). containing varying amounts of chromatic mere 
presented to each subject. The protocols were scored by an experienced clinical psycho Ce: 
and a colour sum ratio was computed according to the formula (0-5/'C + CF + 1:5C)/tota ^ 
This score was taken as a measure of the subject/s ability to respond spontaneously to the A 
vironment in emotional terms and was used to test whether or not more emotionally cw ee 
subjects would see more imagery. (Rorschach results are based on nineteen out of the twen 
subjects.) 


(d) Barron-Welsh art scale (Welsh, 1959) 


ity 

This scale was employed as an objective measure of artistic ability, sonsitivi y and gros 
(Barron, 1953; Welsh, 1959) to test the hypothesis that these traits are associated with Fd 
imagery production. The scale consists of sixty-two out of the 400 black and white ro et 
contained in the Welsh Figure Preference Test. Subjects rate each drawing ‘like’ or : dislike 
The scale was scored according to the key provided by Welsh (1959). 


(e) Shor * Hypnotic-like’ experiences questionnaire (Shor, 1959) 


d 
This questionnaire was conceived as a measure of ‘the ability to lose temporarily or to suspen 
voluntarily the relative funetioning of the generalized reality-orientation’ (Shor, 1960, P- they 
Scores have beon found to correlate with hypnotizability, and it was hypothesized that tions 
would also correlate with the amount of photic stimulation imagery. In general, the ques cit. 
ask whether the subject has ever had various mystical-type experiences not induced by A eil 
conditions such as drugs or hypnosis; for example, ‘Have you over been able to quiet dus s n 
mind, construct a new imaginary world and feel for the time that it was real?’ In accor "-— 
with Shor's methods, scores consisted of the number of 
reported having had at least once. 


164): 


: ! sub) 
hypnotie-like experiences the S" 


(f) Imagery and creativity questionnaire 


gic 

This questionnaire includes nineteen items about past imagery experience (hypnaE, d 

imagery and dreams), artistic inclinations, self-ratings of imaginative and creativo abilitt ns 
empathy experience. On tho basis of interviews conducted during the pilot study, these ! 

seemed most promising as predictors of photic stimulation imagery. «5 score 
Subjects responded to each item on a three-point rating scale. An overall questionnaire A 

was based on eleven of the nineteen times, The selected items are all concerned with hs 

imagery and creativity, and they constitute a 


tivity * 
addition, each of the nineteon items w: 


scale referred to as *imagery and cre& lysis: 


as considered separately in an item-by-item an® 


RESULTS 
Am : , 
(i) The relation between personality variables 
and photic simulation imagery 


- 
" . gun Baer . .sonali 
The main body of results relating photic stimulation imagery to the perso 
variables is presented in Table 1. 

(a) Interrelation among imagery variables ns 


The colour and form aspects of ima 
between form and colour r 


relatio 
gery were independent, i.e. the correl 


Se esponses did not approach statistical significance. gue 
Form suggestibility correlated significantly with the other form me* «ion? 
Although form measures and form suggestibility are based on different obser V?" , ad 


it was possible that people saw the same things under suggestion that they 
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"Table "ix of 
Me 1. Matrix of rank order correlations: photic stimulation 
imagery and personality variables (N = 20) 
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Table 2, Rank order correlation 
suggestibility, new forms under suggestion (N = 20) 
2 3 
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^ : š " IT iti nal 
between "hypnotic-like experiences and form suggestibility suggests an ope 3 
: M : : : = PS : "m on 
component, suggestibility, which is called into play in both hypnosis and f 
suggestibility, but not in spontaneous reporting of imagery. 


(d) Imagery and creativity f 
Self-ratings on the eleven imagery and creativity items selected from the question” 
naire correlated significantly with variety of form and form suggestibility. € 
correlation, however, indicated that a large part of the correlation between om 
and creativity’ and form suggestibility, could be attributed to a relations 
between variety of form and form suggestibility. This result suggests that = 
‘imagery and creativity" items pertain to special imagery abilities distinct € 
"trance ability* (although perhaps occurring in a trance state). These abilities pe 
be more relevant to “spontaneous” imagery than to imagery suggestibility. Artis ot 
sensitivity and creativity, as measured by the Barron-Welsh Art Scale, was ™ 


significantly correlated with any of the photic stimulation measures, however. 


(e) Field-independence 


x n F ras 
Field-independence, cluster | (the perceptual group of embedded figures) VET 


significantly correlated with frequeney of colour. Field independence, cluster by 
(the conceptual group of embedded figures) was significantly correlated with vari? ^ 
of objects. j ` 
The hypothesis that field-independent people see more imagery becat 
more readily abandon their generalized reality-orientation was nt confirme 
results if variety of form is taken as the criter Howe i 
perceptual field-independence (cluster 1) e 
measures. There does not seem to be 
attention to colour is detrimental to pe 
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ion of imagery production. 
"dem. A c 
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an obvious explanation for this resu T a 
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(f) Emotional responsiveness 
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The Rorschach colour sum ratio, conceived as a measure of emotional respo” oti? 
1 z ^ ati 1 J a iti , 
ness to exter nal stimuli, was positively correlated with all the measures of P orm 
stimulation Imagery, The correlations of the colour sum ratio with variety ° 
and variety of objects were statistically Significant J tic 
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£ positive relationship between Rorschach colour sum ratio and I to 
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constant, on the other hand, the correlation between the Rorschach colour su™ ' 

and variety of form increased to 0-80. 
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(ii) Imagery and creativity questionnaire 
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inuapéry « erage variety of form and frequency of colour in photic stimulation 
a function of self-ratings on imagery and creativity questionnaire 


Do you consider yourself to be an imaginative person? 


(b) Yes, 


(a) Yes. 
quite a little (c) No 
(Y = 8) (N = 12) (N =: 0) F P 
Form 10-75 0 2-58 < 0-01 
0:14 NS. 
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Colour 16:38 
asleep or waking UP» usually (but 


hen falling 
happened to you? 


losed. Has this 


(c) Yess more 


vivid images wk 


Many 
any people see quite 
yes e 


not always) with their € 


(b) Yes, once 
(a) No or twice frequently 
(N = 8) (N29 (N29 F P 
mu 3.88 11-67 9.33 4-15 < 005 
Colour 24-75 19:67 19-89 E N.S. 
How frequently do you paint or draw? 
(b) Infre- 
(a) Often quently (c) Never 
(N = 4) (N-9 (N 212 F P 
eki 7-00 7-75 - NS. 
Solour 34-25 17:83 22-43 < 0-005 
Do you consider yourself to be a creative thinker? 
(a) Yes " R 
quite (c) No F P 
(N= 4) (N = 5) 
Form 7 780 = NS. 
9-25 4 
Colour 11-25 a 26-40 9:42 « 0-005 
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3 Seta 
ici ee | rn or oe ic stimu 
history of hypnagogic and hypnopompic imagery differed in variety of phot bjedts 
i v ; 3 T i n " -hether or not su 
lation imagery. The discriminating factor seems to be whether or 1 sins did 
reported ever having had previous imagery. Subjeets who reported never a sp 
i x ici i sioni ^ 3 i s who re 
hypnagogic or hypnopompie imagery differed significantly from subjects v ot The 
‘once or twice’ and from those who reported having had it ‘more freque ntl; sq 
"uM - TUNE 
difference between the means of ‘once or twice’ and ‘more frequently a 
significant. 


(b) Questionnaire and frequency of colour ea with 
Several items of the questionnaire significantly differentiated among anki ‘i 

regard to amount of colour in their photic stimulation imagery. These ron theit 
different from those which predicted the form aspect of imagery, althoug pio 3 
general nature is similar. It can be seen from the third item in Table 3 that ur in 
who painted or drew most frequently reported the greatest amounts n that 
their imagery (P < 0-005). The results of the fourth item in Table 3 indica rin 
self-ratings of creativity were also positively 

photic stimulation imagery. 


. = x olou 
associated with frequency of c 


(iii) Situational and control variables 

The following situational and ‘control’ 
duction: self-ratings of fatigue, perceiv 
perceived control over the imagery, 
ment. Motivation to see the 
not affect form suggestibility, 


pro" 
. x imagery I 
variables had no effect on imag rien ce 
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ed ability to verbalize the visual eXT yeri 


MEF à vss hr an Ehe dd 
and motivation for participating in th nt, C 
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desired forms, like motivation for the expert" 


Table 4, Average frequency of variety of form, 
bility as a function of whether subjects perce 
experimental variable 


est! 
: : ^y SUJI 
frequency of colour, and form n as a 
a rae: o ua mila tO 

ived or failed to perceive imaginat 


Named imagination as variable 


No 
5) (N = 15) t P 
Variety of form 8-60 7-13 -— N.S. 
Frequency of colour 31-80 18-90 1:87 < (05 
Form suggestibility 7-14 6-33 zm N.S. 
t 
;4 no 
- i . > did 
In addition, the ‘demand characteristics of the experimental situation © eivi”? 
: rou : "c 
appear to have a decisive influence on the results. Subjects succeeded in pet 1 and 
H . è * " “a E1O 
two variables which were, in fact, a concern of the experimenter: imaginati 
suggestibility. 


EET T: zy 
This perception, however, did not significantly increase experimental ger of 
scores for variety of form and suggestibility (Table 4). Moreover, pare? d of 
imagination as a variable was not significantly associated with a higher self pav? 
imaginativeness on the questionnaire. Colour, on the other hand, did seem "ese 
been affected by the perception of imagination as an experimental variable. 
results indicate that the present design was such as to make the effect of sit^ af 
determinants negligible, 
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thus emphasizing the personality variables. 5] 
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to a significant degree with regard to amount of form and colour in their imagery, 
it is at least interesting that the two different questions ‘Did you enjoy your 
experience under the light? and * Did you find the light at all annoying?’ pro- 
duced results related in the same way with respect to form. That is, subjects boe 
were most positive in their reactions reported the most form, the most megas 
reported the next greatest amount, and the most neutral reported the least. € 
result lends credibility to the link between emotional responsiveness (as measure 
with the Rorschach) and imagery, for subjects who had either positive or negativ? 
affective reactions to the experience reported a greater variety of form than those 
whose reactions were neutral. 


(b) Perceived relationshi D with past experience 
opu à : ; A -to of past 
Subjects viewed the photie stimulation phenomena as related to a varicty of s 
; s $ è Á z 5 a " ights. 
experiences. Eight subjects associated it with various previous exposures to lig of 
Four subjects related the photic stimulation experiment to drug experience 
. sa ý i A m. jone 
various sorts (peyote. marijuana. mescaline, nitrous oxide). Two subjects mentio 


$ à . A . — One 

visual experiences produced hy closing their eves tightly or pressing their eyes: vm 
à d f À : B e n 5 D) ree 

subject related his photic stimulation experie e 


nce to hypnagogic images. 47 
subjects did not see any relationship between photie stimulation imagery and previo * 
experience. These three su bjects did not di ffer significantly from the rest of the samP 
in the amount of form or colour contained in their photic stimulation imagery: 


us 


(c) Qualitative description of the imagery p" 

When asked to compare photic stimulation imagery with perceptions of ordinan, 
‘reality’, eleven of the twenty subjects said that none df the images was as realist! 
things seen in ordinary life, On| y one reported th, : ir 
The most frequent reason given for knowing that the images were not real was me 
blurredness or indistinctness (seven subjects), Nevertheless, seventeen of the tir 
subjects felt as if they were really seeing the photic stimulation images (as oppor 
to imagining them). Imagery content ranged from lines and dots to geomet! 
figures to objects of the real world to integrated Scenes (only one subject). 
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Thu 
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sensory "i of the five outstanding characteristics which have been reported for 
images Pw stra mescaline, and hypnagogie imagery held true for most of the 
colour or most of the subjects. The fifth characteristic, unnatural vividness of 
» Was typical of most of the subjects with regard to the unnatural aspect. In 


additi 
lon, ordi Pow ; 
; ordinary vividness was noted by several subjects. 
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and artistic ability, the relationships found in this study do not have much vip 
The pilot study had indicated that colour reports were very much influenced by 
suggestion. One possible interpretation of the result regarding colour is that there 1$ 
a kaleidoscope of colours generally present while the light is flickering and "e 
particular colour attended to at a given moment can be a matter of a multitude 0 
factors unless a specific set is induced. Perhaps such a set was induced by the ae 
characteristics’ of the present experiment, for those subjects who perceived imag; 
nation as an experimental variable reported significantly more colour in ther 
imagery than subjects who did not have such a perception. coss 

The relationship between hypnotizability and imagery extends the generality z 
the reports of McBain (1954), Shor (personal communication, 1962), and Suteli : 
(1958) that waking imagery is related to hypnotizability. This relationship betwee? 
'hypnotic-like? experiences and imagery gains eredibilit v from the observations 
‘hypnotic-like’ trances produced by rhythmic photic stimulation. sometimes 
combination with rhythmic stimulation in other modalities (Blum, 1956; Ee 
1954; Kroger & Schneider, 1959). This result also agrees with Camberari's (199 ü 
finding that suggestible subjects have more ato 


visual experience in a sensory depr!v 
situation. 
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The relationship found between self-rating of imaginative ability and pl ling 
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The relationship found between emotional responsiveness to external 8 
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Imagery and emotion also supports in a more general way their finding that ‘cont! iof 
primary process’ in the isolation situation is correlated with imagery prod" che? 
C ambe 'ari (1958) also found imagery in sensory deprivation associated with 
primary process or ‘regressive’ phenomena. ` od DY 
Finally , the positive relation between field-independence and imagery obtain’ ji 
Leiderman (1962) in a Sensory deprivation experiment was not supported i 
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"T Two [nterdisciplinary Studies for Psychologists 
AINMCHSCSN ere i 
oie — By G. M. Wysury, R W. PrcxrorD and R. J. H 
J "t € i | i l i 
Behaviour gh and London: Oliver and Boyd. 1964. Pp. xii4-340. 43s mi 
ourisin and Phe i i 
: nomenology. Edi z, T. W. Waxy 
Chic: gy. Edited by T. W. Waxy. Lo : Universi A 
ioaea Pres. 196i Pp xiti pe od ndon: University of 
ifferent as pti i 
ənt as these two books a 
ks are, they are botl 3 ing ex ss 
are both ri: examples of the progress of 


'interdiscipli 
isciplinary c ; 
Early in do collaboration’ in contemporary psycholo; 
3 ` century y ; : . : s 
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Mo 
Ore leeturi 
ring to a sy. » Pa Pe > 
a syllabus based on Ward's famous and then still influential article in the 


Ene 
“neyclopaedia Bri 
i Br : is d 
Britannica. The first sentence in this syllabus was: “The standpoint of psychology 
first term (the class met three days a Men id 


18 indivi e 
trying Sa Moore spent the whole of the 
unsuccessful I what W ard could possibly have meant by this statement. The attempt was 
student, vipsi : a dises sion period at the end of the term an intelligent, but innocent, Tndian 
question was m. Mr Moore, have you ever asked Professor Ward what he meant?” The 
^ common robin unnatural since Moore and Ward lectured in adjoining classrooms and shared 
done so would ^ ee. * No,' said Moore, tersely, with an emphasis which implied that to have 
Bineo those d ave been an act of gross academic impropriety- 
days there have been advances in interdisciplinary co-operation, notably in research 
dergraduate teaching. ; 


consi 
derably i 
yint ; : > : 5 5 
Hunian Bene the organization of conferences, but very little in un 
enses vrais: 3 ; T iG P 
s and Perception is accordingly à landmark. It exemplifies the way in which 


teachers of : 

essential pes of psychology and of philosophy can work together to provide the 

Regius Profe ent of n course of study of Sense Perception. lis authors are G. M. Wyburn, 
essor of Anatomy in the University of Glasgow (who is also the editor of the volume), 

hology at Glasgow Professor of Logic in 


R; W. Picks 

the E NM Professor of Psye' . and R. J. Hirst, the 

anatomy bona sity. In Part I Prof. Wyburn gives an admirably lucid factual account of the 

logical t Gi physiology of the senses. In Part IL Prof. Pickford covers the distinctively psycho- 
pies-—the perception of spaces time, movement and causality, the learning process in 


Percepti 

di are) : Wm " H : * 
Silesia and individual and social factors influencing perception. He concludes with an 
i ^» though rather too brief. summary of An attractive feature of 


Pickford’s i General Theories. 4 
Onk-Gf-the. section is that it covers not only the fields of more ordinary text-books, but also more 
he-way topics in which students are natur 


those Poe ally and quite properly interested, such as 
Prof. Hi psychological aesthetics and the alleged facts of paranormal perception. In Part IIl 
Which c rst takes up the problems of p tion which are of special interest to philosophers and 
tain "eue be altogether evaded by students of psychology. He introduces the student to the 
theorie assical and contemporary issues: the representative theory of perception, sense datum 
theca s and common-sense theories, the analysis of perceptual consciousness and the traditional 
Mn of body and mind with which the special problems are inextricably entangled. It is, 
tps, a pity that the publishers were allowed to describe Prof. Hirst's ow 
osophical 


i n contribution as 

ort : $ t i oT: v 

LE and as opposed to ‘standard philoso] od philosophers are 
odox’, i.e. critical of some view which they like to 


A d^, and the * Double 
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Students who have covered the ground of Human Senses and Pe reeption will be ready to tackle 
Behaviourism and Phenomenology— model of interdisciplinary collaboration through the 
medium of the conference. 

The volume belongs to a series of reports of symposia organized in 1962-63 to commemorate 
the fiftieth anniversary of the William Marsh Rice University. It is edited by Prof. T. W: Wann, 
Associate Professor of Psychology at Rice Unive ity. The other distinguished contributors are 
Sigmund Koch, R. B. MacLeod, Carl Rogers, B. F. Skinner and two of the most forceful repre- 
sentatives of contemporary philosophy in the U.S.A., Norman Malcolm and Michael Scriven. 

Koch, under the title “Psychology and Emerging Conceptions of Psychology as Unitary’, 
reviews an important phase in the near-contemporary history of psychology. It is a panoramic 
survey of the kind which can only be enjoyed and assimilated into the ‘cognitive map’ of the 
reader. It is supported by a hand-picked bibliography of eighty-one items. MacLeod follows 
with a learned historical piece covering developments from the phenomenalisnes of the British 
Empiricists to the phenomenologies of Husserl and the Existentialists, The conjunction tends 
certainly to complicate if not to confuse the central issue. Carl Rogers in ‘Towards a Science of 
the Person? develops the phenomenological and existentialist idea in a charactor 

It will not be surprising if many readers select Skinner's ` Behaviourism at Fifty" as outstanding 
among a collection of outstanding papers. After all, Skinner is the reigni Pope of Behaviourism, 
supported though he be only by a college of unreliable cardinals, Skinner understands better 
than most behaviourists the things that puzzle philosophers, He can speak the philosophers’ 
‘language 2 It is important that he agrees with philosophers such as Malcolm that Behaviourism 
is a philosophical, not a psychological theory, 

Norman Malcolm, who has done so much to put across to psychologists the teachings of the 
later Wittgenstein, here tries to put across a linguistic type of solution of the issue- that it is & 
matter of the a 3 of statements ‘in the first person present tense’. Clear surely, it i5 
a matter of the analysis of a certain subclass of such statements, Further discussion betwee? 
Skinner and Malcolm may lead to a definition of the subclass in question, 

Michael Se iven gives the concluding paper under the innocent title * Views of Human Nature’: 
It is characteristic in its penetration, good sense and good humour. 

An attempt is made in this book to record the discussions which followe 
stands out between the gaps of inaudibility in these recorde 
enhancement of the standards of sophistication and courtes 
Sy i ie e m p to nd MacDonald 

y t 9 “A Question from the Audience’; ‘On behalf of students ° 
psychology I should like to ask this: What is psychology?’ Sec, inde xl, the wi 1» Bock This 
volume, like Human Senses and Perception, is a quite essential oti st i b ps s n depart- 
mental libraries of philosophy and Psychology. 9 MS IURIS URGE E 
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The Act of Creation. By AnTHUR KotsrLER, London: Hutchinson, 1964 Pp 751. 
42s, OR POR f 


. This is a book that will, undoubtedly, repel many professional Psychologists T i is long 
Since past, they will say, when a mere littérateur, even one as brilli t c ped ue «pes Arthur 
Koestler, can make any useful contribution to their science Ami a Fe Purses vios ie 
large areas of psychology where exact experimentation has happily B EE Sas eM * specu 
tions such an attitude would be fully justified. But one has only ta i» dune UE topic? 
which the author covers—laughter and crying, creativity in the scie cue sorna oi 5 realize 
how far this is from being the case in the present instance. Tate. rdi ce ha 
to lecture to undergraduates on any of these topics knows only too 3 en chiens Ho haa Ste the 
findings of experimental research means, in effect, to tall only sinus i e^ rosae d incidentals: 
And whatever else one may say about this book it is not, like the ri A Falken Hn a ks tha 
claim to introduce a Scientific approach to this field, full of BA ide oF Consideret 
just as a work of exposition, it has a verve and flourish that puts iti de a n a agers anc 
I should consider it a dereliction of duty if I did not encourage a Fa Aa 7 

The author, however, has made it very plain that he vides # E open 

contribution to psychology, and it is as such that we must ee dise 2 ago fos is, which Ì8 
essentially that which he put forward in his earlier and much ene a iden bes "Insight ane 
sketi VOrK " 
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Outlook, is in very bald outline as follows. Each of our activities, whether those of the intellect or 
simple motor habits, is governed by a set of implicit rules or ‘code’, as the author calls it. pie 
each code determines a particular ‘matrix’ which represents the range of possible o Brafigns 
that the code permits. Behaviour can be regarded as made up of a HiSrarohy of such Snstvds 
autonomous matrices. The development of this hierarchy involves two opposite proce ; 
a downward process whereby acquired habits and skills form matrices that function unconsciou 
and with an inereasing degree of autonomy, and an upward process whereby existing matrices 
combine to form new matrices and new codes. It is the latter process that constitutues the “act 


of creation’. 

Crucial to Koestlerian psychology is the concept of *bisociation’. Two matrices are said to be 
been brought together through some element or feature they have in 
common. When this happens a number of important consequences may ensue. Where the two 
matri incompatible emotional charges the collision may issue in a burst of laughter. 
(Koestler’s discussion of humour which occupies the whole of the first part is, I consider, the best 
contrived and most convincing part of the book). When, however, the ‘participatory emotions ` 
prevail over the ‘self-assertive’ ones, the effect may be tragie or aesthetic as the case may be, as 
When a great artist can make us sce familiar things in a new light. But it is in the domain of 
science and discovery that this concept has its most far-reaching implications for it is then that 
Wwe most need to be jolted out of the rut of habitual trains of thought that are leading nowhere. 
Th this context bisociation becomes equivalent to that sudden act of insight about which psycho- 
logists have had so much to say. Here Koestler can bring to bear his great interest in the history 
of science, and among the passages I most enjoyed in this book (some of them relegated to 
appendices) were liso where he discusses episodes from the lives of men like Darwin or Pasteur. 

It would indeed be ineredible if a work of this scope did not expose its author to some searching 
criticisms. Here I shall mention briefly what I regard as some of its more serious weaknesses. 
In the first place, the author has succumbed to the fatal temptation to overreach himself. When 


bs theory purports to explain everything from molecular biology or the process of sexual repro- 
duction to tho higher flights of ‘ sination with the same few basic 
g s E 


ientifie and artistic imag : 
Concepts, the reader may well begin to suspect that perhaps it really does not explain anything 
at all but is aimed merely at trying to dazzle him with clever but superficial o at Certainly 
on whe Popperian criterion of falsifiability this would not qualify as a scien na on sins 
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which potential solutions are constantly being shuttled around. Yet. if we deny that ete 
involves trial-and-error or competition-and-selection in some form and at some point, Ja E 
committed surely to a quite mysterious notion of the problem-solver being inexplicably d 
towards the correct solution by some sort of unerring intuition. Perhaps, when one is a 
with something as extraordinary as the human mind, mysterious and even occult pos ca Ke 
have their place (or, at least, I am hardly the one to cavil at them), but 1 do prefer an auth is 
lets you know just where he stands. JOHN BELOFF 


Psychology: A Study of a Science. Vol. 6. Edited by SiGueNp Koc. London: 
McGraw-Hill. 1963. Pp. xii+ 791. 97s. 


€— i 2 a . as Socius. is 
The sixth volume of this monumental work, subtitled * Investigations of Man as Fe ic 
concerned with the relationship between psychology and other social-science disciplines 


h, though 


other volumes, the objective is not to provide information about the results of research, 
to be sure, a great deal of information is incidentally included as illustrative material : 
paper. The purpose is rather to discuss in general terms the kind of relationship which : vete 
might exist. The question is: in what kinds of ways do other disciplines make use of psyeholor 

theory and findings * " 

There are fourteen papers, and all one can do is to give some indication of the topies KU ue 
Muzafer Sherif starts the ball rolling with a general paper on ‘Social Psychology : d se 
Trends’, in which he points out how the social psychologist is concerned with the Loup 
as studied by sociologists and anthropologists, and how the study, for example, of smal E ot 
can make a contribution to wider issues. Donald T. Campbell is concerned with Ac is ic 
Behavioural Dispositions’, and especially with attitude formation. In his paper he OHIO 
the way in which the sarne phenomena can often be explained in terms of different psycho ning 
theories—for example perceptual selection on the basis of past experience or straight le 
theory. 

There are two papers on psycholinguisties, one by Charles E. € )"sgood, theother by F.G. Low —e 
The subject-matter of linguistics is outlined, and attention is paid to the psychology of lang 
learning. Both papers are extremely informative. 

The relationship between psychology and anthropology is an obvious topic, and it 18 e 
by David French, who concentrates on the relevance to anthropology of psychological nr sida 
perception and cognition, while George and. Louise Spindler are concerned with culture € m qure 
The latter paper, in addition to some interesting material, includes an analysis of the literat! 
on cultural change between 1929 and 1962 in order to find out to what extent anthropolo! un- 
studying culture change have used psychological material. This short content analysis supply 
objectionable at the end of a paper, but it is an unrewarding method when it is used to ees 
the material for a whole article, as is the case with William W. Lambert’s discus : 
Psychology in Relation to General Psychology and other Behavioural Sciences’. f 

Alex Inkeles contributes a paper on ‘Sociology and Psychology’, which ought to be rec 
mended to any student of the former subject. 

The way in which students of political science make use of psychological concepts and ve 
is dealt with by Robert E. Lane. The relevant concepts are obviously leadership, public oy 
authoritarianism and methods of personality assessment, both of individuals and of colle 
of individuals. ^ 
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; a general paper, perhaps more interesting to economists, by H no 
ated analysis of methods of assessing utility and expectation in eco an P^ 
s made in tho first and third of these papers that something that. Clay 
called ‘economic psychology’ has long been part of the equipment of economists, partit sical 
when they are concerned with the verification or, more often, the falsification of the ne be 
model and common-sense beliefs. Katona makes the point that economie behaviour ough atio” 
studied more by psychologists; economics is a field in which hypotheses concerning m0!" 
and attitude can be tested in measurable terms. ` "m 
Finally, though it is not the final contribution, there is a curious paper by A. Irving pes pale? 
on behavioural evolution. The theme is: is there a gap between homo sapiens and all other 2?! 
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This is widely A 
s is widely assumed, but Hallowell suggests that a study of the behaviour of other animals, 
ere are adumbrations of behaviour that is thought of as 


partie "tn . 
particularly primates, will reveal that th 
nary continuum can be assumed in 


specific: s : $ , E 
pecifieally human, so that theoretieally some kind of evolutior 


the behavioural field. 
WwW. J. H.SPROTT 


Readings in Psychological Tests and Measurements. By W.L. BaRNETTE, Jr. 
Homewood, Ill.: The Dorsey Press. 1964. Pp. ix +354. 24s. 
ement basic texts, has several unique features which 
original Considerable effort has been Y n 2 editing the 
tiia bet DEDSIUmO that there is a consistency of statist ical presentation ani n ne ature, some- 
ra =P ct abbreviation or simplification. The aim of the La. dere Ls a was ene 
aneta a to be useful to undergraduate students majoring in psy cho d i - "cec ent 
ee hat the book will be of value to anyone taking & course in psycho ogica st gat any 
vel and to others working in the testing field who wish to refresh their ideas on key concepts in 
this field. g f: 

The forty-eight papers are groupe inel 0 i 
adeninistrstion proklam; pid spi set, reliability. factor analysis, validity, intelligence. 
Personality, interests and eritiques of testing. In all, seventeen papers relate to validity while 
d other sections have between two and five each. With few exceptions, all pepers ro Lane 
ua. b havirig been published in Jopi orle Papers b i T e arie the earlier 
nc. by Flanagan on the experimental evaluation of 2 St 9 roc grond o the problem 
a s. For each paper there is an editorial introduction 1n which the d oe the paper can 
à in: out and, where appropriate, an indication of what kn : "orbois on the pre dic- 
ti appreciated. For example, it is noted that before reading ic facts of multiple correlation 

9n of long-range performance the reader should know the basic facts tatement which is 
and statistical weighting technique and of multiple critical score technique? iw Muss, Ta 
nat MM followed By the name of à non-technical source O eal E the topic, some 

ver cases, the introduction also has i 
u i havo bcen referred to by the original 
omes epum familiar with the 
vel nig ht have been included. Se a oe appreciation ~ 
beset an but aid the beginner ica nd measurement. 
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g. By Doris R. ExTWISTLE. New York: 


A " i 
uto-primer in Computer Programm 
Blaisdell. 1963. Pp- 345. $0.50. — 
This auto-primer is an excellent introduction: in the form o ;n use. To those 
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SCOTTISH COUNCIL ror RESEARCH IN EDUCATION. The Scottish Scholastic Survey. 
1953. London: University of London Press, 1963. Pp. 216. 


There is singularly little of psychological interest in this, the latest of the Scottish Research 
Coune excellent publications. It de ibes the const ruction, application and results of tests 
of Mechanical and Reasoning Arithmetic, English Usage and Reading Comprehension, given to 
almost the complete Scottish primary school population aged 9 years 11 months to 10 years 
10 months (totalling over 72,000) in May 1953. The tests were similar to the Moray House 
11+ series, and clearly involved careful sampling of the primary school syllabus. But as they 
were not tried out properly beforehand, the score distributions are oddly skewed, However, they 
attained high reliability coefficients and, as detailed norms are provided, they should be useful 
for future testing within this age range. 

Most of the book is taken up with analysing the results on various test items, and pointing gus 
the implications for the teaching of English and arithmetic. The following are the main conclu 
sions of more general interest. When children of this age do rough work with their sums, they ‘are 
more likely to get them right. The usual sex differences emerge—boys better at Arithmotic? 
Reasoning, little difference in Me shanical, girls better at both English tests: the boys show some- 
what greater dispersions in all tests. There are some geographical differences between ten mm 
areas of the country ranging, apparently, up to nearly le. Left-handed writers totalled 6:8 70 
of boys and 5-1 % of girls; their mean attainment was only slightly inferior to that of the ri£ nt 
handed. No regular relation could be found between attainment and size of school class, but 0? 
the whole 2 to 5 teacher schools did a little less well than 1 teacher of 6+ teacher schoo 
(possibly this merely reflects regional differences), aie 

The work is described with admirable clarity but one wonders whether, in the absence of 80? 
definite hypotheses to be investigated, it was worth all the trouble. VERNON 


p. E. 


Creativity and Psychological Health, By Frank Barron. New York and London: 
Van Nostrand. 1963. Pp. x-292, 51s. 


Creativity : Progress and Potential, Edited by Canvix W. Tavor. New York and 
London: McGraw Hill. 1964. Pp. xi--241, 54s. 


Hon am catio ; ; nd 
Education and the Creative Potential. By E. PavL Torraxce. Minnesota ® 


London: Minnesota Univ. Press and O.U.P. 1963. Pp. vii-- 167. 36s. 


In recent years research into ‘creativity’ has expanded rapidly in tho U.S.A. in spite 0 
Scepticism as to whether it is a useful or a unitary concept. Whatever th ; di swer to the g 
question, this renewed interest has resulted in & number of diverso appr à 7 Creativity E 
been described in terms of unconscious and preconscious processes T "s form of diver 
gent' thinking (Guilford), as largely overlapping with genera] A aa [Di -— and 9? 

. + ? è by 


The three writers under review assume that creativity is an im ortant topic in its ow? right: 
but approach it from different angles, Barron's book will ities io en E s ib intere to tho 
general and clinical psychologist, Taylor’s to the research worker i th MS ps "rance's to the 
educational psychologist and the teacher. wer ie baade, Dora 
Barron ranges widely and speculates freely, and this breadth of treat t is illustrated by 
some of the chapter headings, ‘Signs from psychological tests that, ns mont i “vonni 
psychotherapy’, ‘Rebelliousness, morality and Psychological health : orici quotient: 
personality and originality’, “Unconscious and preconscioug aimes ts Eus i? dn of fictio” f 
Empirical work by the author and his colleagues is described, in RE ces , - peer tE study , 
‘personal soundness’ in graduate Students, and another of nightie os its correlates e 
U.S. Air Force officers. The book may sound a hotch-potch from this degi tion. Tt is not- a 
its unity is a personal one, deriving, as stated in the preface, from fhe a Rt introducti 
to psychology, his experiences during the war and his religious beliefs, as well as 3» 
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and ros : An Introduction to Research & Practice. By N. D. SUNDBERG 
.E. Tyner. London: Methuen. 1963. Pp. xvii +564. 505. 


This isas 
ed nas =, eee but rather a dull one, full of truisms whose ould have left it 
= rk on individual e readable. The present reviewer, while respecting Professor Tyler's previous 
clinical psyol al differences, must admit to an initial bias against the American interpretation 
; Cheb oer dida ipe Respect for the authors’ work, however: increased with reading. 
Ms for British M ve cerei make a better introduction to counselling than to clinieal psychology 
©vance, sinc psychologists the three introduetory and the three concluding chapters have little 
e they reflect so largely the present position of clinical psychology in American 


culture, I d 
their trs introductory chapters the authors attempt to come to conceptual grips with 
-mattor. Their preference is for a developmental framework, which should be 
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SOME STUDIES O 
F PATTERN PERCE U 
X. ee PTION 
A STABILIZED RETINAL IMAGE "we 


By C. R. EVANS* 
J.J. Thomson Physical Laboratory, University of Reading 


of covering 30* e vis 
g 30° of the visual field, targets of various shapes 


were studi 
studied extensively. V 
3 ively. Very la i i ur 
Meis 3 y large and consistent differences 
indisi aaneren, : erences were fo " 
or [^in ani iii of most targets and this was found not to be a fun us so ut o 
y. The presence of corners li i i mae polar 
i rs and intersections 1 i eos 
asy. He deer: n a target incre: i 
Wien saabna zgod, angular figures disappeared more than ramde to e nee eade 
About 10% au were present, the disappearance rate was radically E ie T 
' we c i y raise 
eee V, of the time w hen a target disappeare! 1, it di: ! : 
d m ; peared, it isappeared as a com i 
A ein of sine soms what from target to target and was very high in —€— i pm 
pout 15% of all disappearanees were ‘patterned’ ‘or uae ce “4 csi 
j , and these pro- 


orti 3 
portions held true for all subjects tested. 


Usir 
EEE E E : 
g a stabilization device capable 


Iti — P 
mittently. Dee that an image stabilized on the retina disappears inter- 
disappear a il ious workers have observed in addition that certain images seem to 
dispen : ore readily than others, and that any one pattern does not necessaril 
ras a whole (Ditchburn & Pritchard, 1956; Pritchard, Heron & Hebb v 


"h v v 
T ese observati een e y 

ervations have however been ntirel qualitati e and subjecti ze. In the 
systematic quantitative measurements have been made 


inve $ : 

for ie rpe reported here, $ 

he first ti i 

esi se time, and the results suggest that disappearances of these images cannot 
"c q " "eti = 

ed as a purely retinal phenomenon. Some central mechanism seems certain 


E involved. 
he Xe RT 
disap work falls into two parts. In the first the hypothe 
Gee pes more frequently or more readily than another 
any o the apparently non-random character of the fragmentary 
ne target has been considered. 
METHOD 


method of pro 
y the subject. The system emp. 
ntact lens moulded 
al bulge is & light 
‘hich contains th 


sis that targets of one shape 
has been examined. In the 
disappearances of 


lized image involves 
loyed in the present 
to fit the subjects 
-weight aluminium 
e focusing lens; 
ght into sharp focus. The 
tion of the target. The 
his system offers 
he most notable 
ut the 


a 
Poe he i system. The simplest ducing & stabil 
investigati ne target toa contact lens worn b; 
Oye is wor, on is illustrated in Fig. 1. A full-size haptic co 
tube, let A apa to the centre of the lens over the corne 
a ‘gate? she: alohi DS another, of fractionally smaller diameter, W 
Bite de icon E ap’ on the end holds the target, which can thus be brough 
Weight of i to allow small adjustments to be made in the post 
certain rae entire system (less the contact lens) is slightly under 0:8 g. Th 
positive advantages Ove’ ations, t 


Perhaps bei à r those employed in previous investig: 

xperime reat that illumination of the image is constant and uninterrupted througho 

(b) Mei , and eye blinks, etc., do not occlude the image. . 

Encased T hod of illumination. Each subject lay on his back on à couch with head and shoulders 
in a relatively light-pro' 


Was a, | of and sound-proo At a point about 2 ft. above him 
arge screen, evenly illuminate! 
us Screen: 


Passed d from behind b; of : cold light’ bulbs. The light 
ight qe cs two homogeneo s before reac bject and produced a diffuse 
rea of about 3 ft. x 2 ft. against which tl 

s necessary, 


Subject? he targe! No restriction upon the 
cts head or body movements Ww? for all no 
s Division, ^ 


ya battery 
hing the su 
t was viewed. 
rmal movemen 
Teddington. 
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ts produced no apparent 


Jational Physical Laboratory, 


* Now at Autonomic! 
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Fi 
T ject’s ar eye was occluded. 
change in field brightness or stimulus contrast. The subject’s other L ye e E vchags tian 
l rivi could be adjusted by the experimenter, through the use of a varie 
u je adjus A 
zen 2 log. foot-lamberts. "e 
rmer, from zero to 2 j j — 
i (c) Stimulus material. Patterns drawn in black ink were photographed on 35 : M is 
f : i "T1 "ep, ` "pret. SIZC 
i.e. they appeared as black targets upon a white ground. The average targ tsi qoem 
as was = ee 3 mm., which, when viewed in the apparatus, subtended ay e pter itself, 
p^ of arc in à monocular visual field extending over 32?. With the exception o 
the perceived field appeared to be of even brightness. 


eld 


itive films 
e reduce! 
f about 


Gate holds target 
and adjusts for focus’ 
and position Photographic 


miniature 
Target 


Aluminium tube 
— holds focusing 
lens 
_ Tube mounted 


on corneal bulge 
of contact lens 


Fig. 1. The stabilizing system: the subject lay 
against a diffusely lit screen. 
the 
<perimenter UP. ege 
Before the start of an experimental run the target was adjusted by the exporim! 
subject reported that it w 


of the target. There was no difficulty in m 
the subject’s eye, but the gate 


lessness and annoyance. Equally 
they provoked quite involuntary 
the image. The subjects themsel 
before starting an experimental ru 

(d) Method of Recordin 


af an 
S therefore tended to insist on correct centring 
n. 


inuously throughout a trial, the Dd 
» the subject pressed a Morse key. Thus, at the end of a min 
counter would register 250, an 
the subject had pressed the ke 
long as some part of the imag 
centage of total viewing time, pvio 

(e) Subjects. In any experiment involving attachments to the eye subjects are ie ger Ve ui 
9asy to find. Three subjects participated in the studies reported here, the bulk of uit wit 
being recorded with one subject, a computer operator on the staff of the Labors ó trials mt 
unaware of the nature or implications of the experiment. A very large number s wa? " 
undertaken with each subject and a high measure of agreement between individu? 


tl 
; jects were instructed to pm p : 
e had disappeared, and this could quickly be expre o 


on his back, viewing the target 


be 
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sd iy Most experimental runs consisted of ten 1 min. trials, preceded by one test trial 
jects were found to be able to tolerate such a period without showing signs of restle sti 
in, peel inter-trial breaks, never lasted more than 20 me bi 

D within seconds of settling down in the apparatus, wi i i i 
bos ye material. These changes vary from time to time, fe the ei ues PU n 
fulloned a — immediate reduction of contrast between the target and its background. This is 
cence again wW ithin seconds, by & distinct, and at first surprising, disappearance. This dis- 
Teme ce is occasionally of the complete figure, but is most often of some part or parts of it. 

s some radical change takes place in the subject's state, such as the onset of a fit of coughin, 
tinue to occur steadily throughout the course of 5 


or blinki : 
ks blinking, the disappearance effects con 

Sess : ; 

Sion. Reappearances either of the image as 8 whole, or of parts of the image, occur at intervals 


boredom. A complete ru 
Experienced subjects, 


of from 1 to 5 sec. 

Throughout this series of experiments subjects were instructed to report ‘disappearance’ by 
er the key only on those occasions when some part or parts or the whole had definitely 
ber ned. T hey were told to disregard occasions when the image merely became hazy, lost con- 

2 with its ground, ete. 
i coming and going of p 
cma experienced subjects w 
s ionally must have made errors 0 n 
ndomly distributed over the large number of trials, 
i a Because of this noise, and because subjects exhi 

esults, trials were often spaced out over days or, occast 
at any one brightness level eighty 1 min. trials were emp 


PM. 
Xperimental sessions. 


but sometimes puzzling and confusing. 
ho viewed the range of phenomena with dispassionate interest 
f over or under-recording. These are assumed to have been 
and to affect the results only as background 
xhibited some day-to-day variations in 
onally, weeks. For any given target 
loyed, requiring from ten to twenty 


arts of a figure is striking, 


RESULTS 


Comparisons of different shapes 
for the preliminary studies, a large sample being shown 


in Fig. 2a-k. Subjects viewed patterns for sessions of eleven 1 min. trials (the first 
in a session being a ‘test’ and not included in any of the following results). The 
following instructions were given: “Press the key and keep it pressed as long as some 


bart, parts, or the whole of the image have disappeared.’ 
d upon the circle 


Results from the first subject, A, for the set of figures base 
(Fig. 2 a-d), are shown in Fig. 3. Each individual symbol on the graph represents the 


Mean of five 1 min. trials. With this subject the addition of a single bar to the circle 
raised mean disappearance considerably, and the differences between the means are 
highly significant. Similarly, the addition of & further line, which converted the 
target to a circle with an inscribed cross, caused a further jump 1n percentage dis- 


*ppearance, Again, the differences between means are highly significant. With Fig: 2c 
rotated through 45° to form Fig. 2d, i re presented to the observer 


n which diagonals we 
Instead. of vertical-horizontal lines, no significant difference m di pr 
5 found, Fi ‘tional studies of the first three targets with two other 
. Fig. 4a, b shows additional $ pets two 
Subjects B vd C ins again differences between overall means arehighly significant. 
At this point it was already evident that there } 


s a major difference between the 
Perceptual stability exhibite d by figures of different shape. Tt seemed possible that 
15 Was a simple function of the length of line actu 


ally projected on to the retina. 
The circle with one line represents an increase in total Jength x about one-third over 
e circle alone, and the circle with cross is over 50% grea 


r than the circle. One 
sight argue ‘the more line, the more there is to disappe 


ar’, but this simple hypothesis 

ails when the results from the next set of figures are cap Here patterns with- 
2 ing ch 

Out the circular component Were e-g being 


Simple figures were chosen 


i . Width of line, 
tested, Fig. = sen. Wi ro 
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(b) (c) (d) 
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©) Qu w 
E ;) k 
(h) G) " - 
Fig. 2. Some of the targets used to give stabilized images. 
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field brightness, contrast, and retinal projection area were kept constant with r 
to the previous set. i aiii 
Fig. 5 shows the results obtained with subject A for these patterns. Once again 
each symbol represents the mean of five trials. Differences between the nbi tO 
highly significant and it is clear that disappearance values were not simple functions 


of the length of line projected upon the retina. Fig. 2e for instance has a consistently 


high percentage of disappearance, 76%, which is nearly twice that of the circle, yet 


its retinal projection in terms of line length is actually less. 
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Fig. 2(a) Fig. 20) Fig. 2(¢) 
b) Subject C. 
(a) Subject B. (b) -— 
i iven in Fig. subject A. 
Fig. 4. Results for subjects B and C for comparison with those given 1n Fig. 3 for sud) 
ce rate or perceptual 


oe of disap pearan t 
cil e negative 


e may mean chat i 
a i There is som! 


i iye variables are. 

stabili iti et clear what the effective V ariab - pend : 

ility, but it 1s not y is relatively if not totally, unimportant; moreover, 
as he lack of any 


évidence however: length of lin 

: j ; ; ra cf. t! 
it is not diagonals per ^ that cause the high rate of disappearance ( 
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increase was introduced in an attempt to depress disappearance values somewhat; 
the proximity of the values for Fig. 2g to 100 % seemed to recommend this course. 
It is clear that the results are in accord with the hypothesis that acute angles are & 
factor in provoking high disappearance values: the differences between means are 
highly significant in the predicted direction. It might be objected that one important 
difference between the last two figures has not been controlled, namely, that they 
differ along the continuum of familiarity, S being a much more common letter than 
Z; some further check is required. Since familiarity could be an important variable, 
it is desirable to employ nonsense figures. Fig. 2h is a nonsense figure of vaguely 
amoeboid shape; Fig. 2i is its spiky analogue. The prediction, on the acute angle 
hypothesis, is that the spiky figure will disappear more than the rounded one- 
Columns (1) and (2) of Table 1 show the five-trial mean values and the highly signifi- 
cant difference between overall means that occurs in the predicted direction. 
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viewed wi : i i 
ibn s ie en satisfaction by the pioneers of that school. While it m 
well be E angles hat in some way trigger off high disappearance, it EC ein 
Dl pat x m good pee i.e. rounded ones, are inherently more ir iea 

S , spiky ones. this seems to be sayi i " gone 

ying nothing new, another G 
> estalt 
Table 1. Comparison of percentage disappearances of ‘rounded’ targets 
(Fig. 2h, j) and ‘spiky’ targets (Fig. 2i, k) 


(The difference wi S and (~ 
es between the mean: of columns (1) (2) 
h S d (2) and of columns (3) and (4) are signi 
e significant 


(P < 0-001.) 
(1) (2) (3) (4) 
Fig. 2h Fig. 2i Fig. 2j Fig. 2k 
58-0 74-9 06-2 88-9 
51-7 68-6 73-6 343 
555 15:0 82-8 15-1 
66-0 749 68-1 77-6 
56-4 81-2 76-2 84-1 
61-5 S42 71:9 + 89:2 
58-6 82-2 61:0 79-1 
© 56:3 79-5 777 82-1 
48-1 78:5 83:7 83-1 
51:6 74:3 78:9 74:8 
; 40-5 72-7 64-6 867 
49-9 19:4 57:7 86-7 
i 56-8 841 66-1 96-6 
| 56-7 77:7 59-6 81-8 
65:7 80-8 70:2 81-1 
76-6 79:9 51.9 86-4 
Mean 56-0 77-4 69-4 83-6 
s.p. 121 T3 12:0 8:6 
Table 2. Comparison of percentage disappearances for a circle and an 
ellipse of equal area and angular dimension 
wt pon" between the means is significant (P < 0:001), showing that the circle was less prone 
Sh, 
Circle Ellipse 
46:3 52-4 
44-6 46°7 
38:3 521 
34-0 54:9 
48-1 58-0 
46-4 60-3 
1 49-8 51.5 
/ 461 64:3 
Mean 433 55:6 
sp. 99 9:9 
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The accuracy of subjects’ recordings r 

While consistency within any given series and repeatabilit y of €— irc 
of time are themselves good indications that a subject made car ns €: vtl 
recordings, it is still of interest to have some inagbrident: ke a aind hati 
Since the phenomena of stabilized vision have no long history ore a lecioni 
the choice of such an independent test is limited. Fortunately, from s ws 
data gathered over the past decade there are a number of facts upon w jac spa 
menters are agreed, and one of the most satisfactory of these is the ou id Pendet 
field brightness is raised, disappearances of an image become less freque es vied for 
1956; Pritchard, 1958; Clowes, 1959), though this effect has never been 3 «- x ut 
patterned targets. With this in mind, the principal subject, A, was pecie 
following way. A triangle, of similar area, etc., to the targets previously knit thë 
was presented under the usual conditions of stabilization, The subject v - 


; of 

s vels 9 

i is es i : seven different lev : 

target, recording disappearances in the usual way, but at seven d were 
field luminance, with forty or more 1 min. trials at e 

presented in random order, 


"P 'Oon- 
Fig. 7 shows that disappearances fell off as a function of field luminance. ‘I ia part 
sistency of this graph suggests a high degree of accuracy and objectivity on t ^ “and 
of the subject, who was unaware of the nature of the experiment and was not into 
that luminance was being manipulated as an experimental variable. 
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Were given six trials (including one test for whi i i 
is j uding ) for which the instructions were a: re: 
Kanns ep demum S — as long as some part, parts, or the vials aft 
lg P = i er t iese six trials had been completed, a further fiv 
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With data collected under these conditions, a complete breakdown of disappearances 
into one or another of the above categories was possible, and a range of targets pr 
studied. Fig. 9 shows percentage disappearances of each kind for subjects A,B pe 
when one target, the circle with an inscribed cross, was viewed for 160 1 min. irem 
per subject. It will be seen that the breakdowns show a very high measure of agre à 
ment. Consideration of similar breakdowns for several other targets reveals pe 
these proportions alter with change in pattern, though, with one exception, BE 
dramatically. The exception, however, is peculiarly interesting. The circle has a very 
high ‘unitary’ disappearance value, and in the best Gestalt tradition vanishes ap & 
whole more than twice as often as any other figure tested. Table 3 shows the figure? 


R s : en 
for unitary disappearance for a circle when compared with an ellipse of equal are 
and angular dimension. 


Target 


(a) 
"S d? (5) - E Ja t 
1g. 8. Examples of (a) ‘structured’ and (b) ‘random’ fragmentation effects seen when the targ? 
at top is viewed under stabilized conditions. 
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Fig. 9. Breakdown of percentage disappearance into ‘unitary’, random’ and ‘structured’ dis- 
appearances (see text) for subjects A, B and C. 


Table 3. Comparison of ‘unitary’ percentage disappearances for circle 
and ellipse 


(The difference between the means is significant (P < 0-001), showing that the circle tended much 


More to vanish as & unit.) 


Circle 


Mean 36-1 


Ellipse 
8-9 


13-7 


ü It is, perhaps, not surprising that visual images disappear when good compensa- 

lon is made for eye-movements. If the natural movements of the eye are inhibited 
OT controlled in some way, we might well expect unusual events to occur in the visual 
System, The nervous system is undoubtedly geared to a changing environment, and 
Most receptive areas of the body are eminently suited to detecting changes, More- 
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over, receptive cells require time to recover from heavy stimulation and may become 
fatigued or satiated if stimulation is prolonged. A first hypothesis is therefore the 
possibility that the disappearance effects reflect nothing more unusual than the 
satiation of retinal cells. 

If, however, satiation were the sole cause of disappearance effects, one would 
expect that they would either be: (2) quite random (i.e. very few or no structured 
effects), or (b) quite unitary (all parts fading at once), or (c) if fragmentary, related 
in some simple and specific way to retinal locus. With regard to (a) it has been shown 
that, at most, 75 % of the effects were random and, with regard to (b), that less than 
10% were unitary, with the striking exception of the circle. As for (c), if retinal locus 
were vital, owing for instance to differential densities of receptors in the fovea an 
its periphery, then one might expect some degree of fragmentation of disappearance. 
d cross one would expect frequent x 
some sort of stunted cross remaining in the 
he most common effect, was that one 


vertical or horizontal bar of the cross disappeared as an entity, leaving the circle 4? 


capable of makin ifferenti 

g a differential response to - 
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under conditions of steady fixation alone, when no contact lenses are worn (Evans & 
Piggins, 1963), and when patterned targets are viewed as after-images (Bennet-Clark 
& Evans, 1963). As for (b), it might be supposed that the régime of eye-movements 
varied systematically according to the pattern presented. If this were so, one would 
certainly expect more and greater eye-movements with complex targets and hence 
more mechanical destabilization. But the present findings indicate that the more 
complex patterns induce the higher disappearance values, a fact suggesting that lens 
Slippage of the kind investigated by Barlow is not an important variable in the studies 
described here. 
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THE PERCEPTION OF ILLUSIONS AS A 
CONSTANCY PHENOMENON 


By L. B. BROWN* ann L. HOUSSIADAS} 
University of Adelaide 


The view, recently revived, that the non-veridical perception of visual illusions results from 
Size constancy processes set up by the depth features of flat figures has been tested with a series 
of eight stimuli. Data collected from experiments with 44 subjects suggest that this view 
applies only to a limited range of visual illusions and that, therefore, it has not the generality 
claimed by its proponents. 


Various theories have been put forward since the end of the last century to account 

for optical illusions. Some of them have stressed physiological factors at the retinal 
evel, others, including the Gestalt theorists, have attributed illusions to the interplay 
of ‘field forces’, while a third group has emphasized factors of perspective, such as 
Phenomenal depth, in accounting for illusory perception (see Kristof, 1961, for 
teferences to the early studies). Recently a number of writers, such as Tausch (1954, 
1955), Kristof (1961), and Gregory (1962, 1963) have suggested extensions or elabora- 
tions of this third group of explanations. Although there are some differences 
between them, all three of these authors agree that the perception of optical illusions 
18 à function of constancy processes. 

The experiments to be reported in this study were designed to test the generality of 
this ‘constancy ' interpretation, with special reference to Gregory's (1963) suggestion 
that, “illusion figures may be thought of as flat projections of typical views of objects 

Ying in three-dimensional space. . . . The parts of the figures corresponding to distant 

Objects are expanded and the parts corresponding to nearer objects are reduced’ 
(p. 678). These distortions, according to Gregory, result when the constancy scaling 
Process is set inappropriately to the distance of an observed object. Processes giving 
Tse to such systematic distortions are not unknown in psychology. After-images, for 
Instance, arising from the same retinal image look larger when projected on a distant 
Screen and smaller when projected on a nearer screen (Emmert’s Law). Gregory 
illustrates his interpretation by referring to a series of illusions drawn on normally 
textured paper, including those of Müller-Lyer, Ponzo and Hering, and by presenting 
two-dimensional, luminously painted wire models of some illusions in the dark, when 
they are reported to appear three-dimensional. 

The following predictions, derived from Gregory’s general account of visual illu- 
Sions, were therefore tested on a series of eight illusory figures: (a) that the perceived 

istance between the illusory lines in halves of Wundt’s and Hering’s figures should 
? larger in the part of the background which appears to be farther away, or shorter in 
© part of the background which looks nearer; (b) that the perceived length of the 
orizontal lines in Ponzo's figure should be a function of apparent depth, with that 
Part of the figure which looks further away having the longer horizontal line; (c) that 
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ay "& textured fields, 
he background sets up a ‘constancy scaling’, as in Gibson E — Won 
ien us , s drawn on this background should appear to diverge in that pa nd 
B hich looks farther away. The stimulus figures were presented ms j "i = 
maii apu give what Gregory (1964, p. 303) would presumably rega 
dint indirect testing of his form of the theory. 


EXPERIMENT Í 
Method 


$ à h with a back- 
The preceding predictions were tested on eight stimuli, shown in Figs. E a n top and 
ground giving rise to a process of ‘constancy scaling’. The first two Stant J Hering’ illusion: 
bottom halves of Wundt's figure and the third and fourth were versions 0 M upside down 
Figs. 1 and 2 were stimuli 1a and 2a when presented as shown, but when = consisted of two 
they were stimuli 1b and 26, respectively. Stimulus 3 is shown as F ig. 3 «vot ie 4 (Fig ! 
parallel lines of equal length superimposed on one of Gibson's textured fields; j: nad vertical "a 
was Ponzo's illusion turned through 180°; and the last two stimuli (Figs. 5, ads Tho stimu! 
horizontal parallel lines of equal length drawn on another of Gibson's texture d s dem. sequence 
were photographed to the same size (8 x 7 cm) and were presented in a different ra 
to each of twenty-six second-year students of psychology. 


Fig. 1 


cd 
" . < 1b whet 
Fig. 1. Half of Wundt’s figure, used as stimulus la in this orientation and as stimulus 1 

turned upside down. 


Fig. 2 


9 
H : . . 1 us = 
2a in this orientation and as stimul 


For each figure, each sub 
were shown separately. F 


Ww 
" eh standard? 
compare the illusory lines with stan 
parallel vertical lines of e 


show? je 
2b, 3, and 5 the first standard (4) de ME e^ 
nd (B) these lines were diverging pm dist st 
yards the subject. Thickness, length 275. (go Fy 
imulus figures. For stimuli 4 ant 


1 6, © yan 
d 
3 z » s0COP pon 
a i 7 “zontal parallel lines of equal length, the Tè bot n 
third standards had the top line shorter in the first ca. p ae 


Mere IHE E eeiam Á : h os 
line. Thickness, length and distance between the parallel lines were again similar tot gee ut 


H d 1 A i 
stimulus figures. Subjects were next asked, ‘In which direction does the illusory fig í 
lie? That is, if this were a three-dimensiona] picture 


standard for compariso 


: hiv 
se, and longer in the second, the 


a sux would. DE ae d 
4 ; which part looks as if it wou m WI on 
Finally the subjects were asked to ‘look again at these ede lines ost compare them st e 
standards A, B, and C", (Those subjects who cha eae the 


i ir ements between 
third phase have been placed in nged their judgements b 


a ‘doubtful’ Category in the results.) 
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The stimuli were shown to the subjects at a distance of about 45 em, in the frontal plane, and 
Without any time limitations. Fixation areas were not stipulated but subjects were diseouraged 
from fixating along the illusory lines, as this tended either to decrease or to eliminate the illusory 
effects of the figures. All subjects were naive in that they had not participated in similar experi- 


ments previously. 


Fig. 5 


Fig. 4 
Fig. 4. Stimulus 4, the Ponzo figure. 


vertical parallel lines on one of Gibson's (1950) textured fields. 


Fig. 5. Stimulus 5, 


Results 


_ The data have been analysed in terms of the prediction that in general the illusory 

lines should converge, or in Ponzo's figure look shorter, at the nearer part of the 

background. The results are set out in Table 1. Judgements that were ‘not ag 
s Gen. Psych. 56.2 & 3 
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i ilinsi i t report 
predicted’ are either ‘illusory’, when the subjects saw the illusion but did not rer 


e 
“veridica” isi -as reported but th 
i r is t" al’, when no illusion was repo 
ed apparent distance. or ‘veridica de uec 
the predicted appa à js further away. The ‘doubtful’ category 
background was seen as either nearer or further away. c'veridiósl 
i i illusory and v 

covers judgements of distance in the background yet with both illusory an 

E g ; 
responses given concerning the figured lines. 


Fig. 6. Stimulus 6, horizontal parallel lines on the same field as in Fig. 5- 


Table 1. Frequencies of responses conforming and not conforming to 
Gregory’s predictions (n = 26) 


Not as predicted 


Gregory’s 
Stimulus prediction Illusory Veridical Doubtful 

la 9 9 5 " 
1b 4 " 4 3 
2a 14 10 3 5 
2b 20 : : 7 
i e 0 16 4 
5 : T 15 1 
6 : 9 25 0 

a 1 24 0 

adli 
These results do not give unequivocal br 


Houssiadas, 1964). Stimuli 2a and 2b give results in line with the prediction? po? 
Gregory, and stimulus 3 gives limi 
and divergence of the illusory lin 
that are respectively ‘farther a However. stimuli 15 and "m 
; ME t 
d ; : is associated with the 'farthe" |. on 
and convergence with the ‘nearer’ part of the background. The results from. de?" 
. r " 
gh stimuli 5 and 6 have ae ae 
y in both eases, It is true 
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these two stimuli (particularly stimulus 5), some subjects reported that they saw the 
lines as perpendicular to the ‘floor’, but they could also see them as ‘lying on the 
floor’ with veridical perception of the ‘illusory’ lines. We did not collect any syste- 
matie data concerning this phenomenon, but it emphasises the possible independence 
of the background and the ‘illusory’ lines. 


Exrerment II 
Method 


Tho second experiment was carried out as a further test of Gregory’s interpretation and, in 
fact, is a logical extension of the first experiment in which a number of the subjects reported 
Spontaneously that they could see Wundt’s and Hering’s figures reversing. If such a change 
occurs in the background of tho figures, it should, following Gregory, be associated with a change 
in the perception of the illusory lines. Thus, converging lines should appear to diverge, when the 
‘nearer’ part of the figure is seen as ‘farther away’. 

The stimuli 1a, 1b, 2a and 2b from the first experiment were therefore presented in this order 
to a further eighteen subjects. These subjects were asked to compare the illusory lines with the 
samo standards as before and they were then asked whether they could see the background as 
having depth and, if so, whether they could reverse it. As it is difficult to make these reversals, 
each subject was first shown drawings of a reversible book and the Necker cube in Solley & 
Murphy (1960, p. 276). Thoso who reported that they could reverse the background of the figures 
wero asked to notice whether any change took place in the illusory lines as the apparent direction 
of the background changed. 


Results 


Table 2 shows the results of this experiment, and it is clear that reversing the 
background is not followed by any change in the appearance of the illusory lines. 
This suggests that the expansion or contraction of the illusory lines is not a function 


of apparent distance. 


Table 2. Frequencies of responses with reversible background (n = 18) 


Third- Illusion 
dimensional Reversed r 
Stimulus response background Changed Not changed 
la 18 16 0 16 
1b 17 10 0 10 
2a 16 9 0 9 
2b 18 2 0 9 
DISCUSSION 


Views similar to Gregory's about a ‘constancy scaling" process in visual illusions 
seem to have been suggested by Gibson (1950) when he incorporated illusory per- 
ceptions into the phenomena of size constancy by suggesting that the perception of 
size is a by-product of a constant scale of the visual world at various distances. 
Although Gregory (1964, p. 302) argues that Gibson's view of constancy ‘precludes 
this kind of theory’, Gibson (1950) suggested that this scale is what remains constant 
in perception, with the size of any object ‘given by the scale of the background at the 
Point to which it is attacked, and that is why apparent size is linked to its apparent 
distance? (p. 181, italics in original). It is true that Gibson did not develop a theory 
9f illusions, but his interpretation is derived from those illusions in which real objects 


9-2 
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1 two- 
are 


are represented in pictures, with three-dimensional forms Mis mi HIN 
dimensions. Such pictures, according to him, are not illusory tmr d smselves 
substitutes for objects. They become illusory when they are objects: a E ould 
(for example, black lines on white paper). It is not clear. however. i ie ware 
consider that these illusions are produced by the same punupsses dnd I es which 
geometrical illusions. He reported that, because of their surface texture. nee Janes 
normally give the impression of being compressed appear as pure vr dem sibson, 
lying in the frontal plane when textural cues are eliminated by diro ie igie 
1950, pp. 173-4). The fact that the cues which give rise to three-dimensio is ead 
pressions in two-dimensional pictures do not operate when textural a 
absent may suggest the operation of different processes under different Geum i riis 
Therefore some illusions may be thought of as pietures substituted for TR 
with the illusory effects a function of distance cues in the background as in € o 
cylinders (Gibson, 1950, p. 182). The same may apply to an intermediate ih ver 
stimuli, including Ponzo's figure, Gibson's textured field and the Müller- Te 
illusion, all cited by Cregory, in which there can be a correspondence with 
objects. e sllner’s 
There is however a series of geometrical illusions, including versions of Zó pu 
illusion, the Wundt figure which we used as stimulus 2 and others cited by pest 
& Brown (1963, particularly Figs. 2-5 and 9). in which apparent distance [which 
explain the illusory effects, partly because of a separation of figure from grount le tha 
does not allow the figure to fit into the ground. In these figures it is proba rg 
parts, or ‘small regions’ (Marshall & di Lollo, 1963), are responsible for the G an he 
effects, and consideration needs to be directed to such features of these figures ?^. 
areas of fixation, the role of points of intersection of the lines, and the influence " 
angle of inspection. dept? 
Therefore, Gregory’s contention th | geo" 
features of flat figures’ does not see Hoy! 


metrical illusions. Not only do our results force this conclusion, but Green i ented 
(1963) found the same to be the case with Poggendorff’s illusion when it was pem 
under the reduced cue conditions used by Gregory. Balser (1963) also reports jë tw? 
experiments with Kristof’s illusory figures in which the apparent length ° the 
parallel lines of equa] length drawn on the photograph of a landscape: hen 
ze on the Necker cube (one on the ‘back nit 
when the figure is turned through 180 7 
nd and vice vers 


ge when figures are roti 
1964, p. 303). If perspective j 


" 7 
at ‘the scaling can be set directly PY 
m to be supported experimentally i" * 


a. Gregory's point th regot) 
ated through 180° is arguable Tai jou" 
: S “perception of the relative distance O^ , | ging 
objects. . .by means of the apparent size of the objects, relative size of parts: $ je yhe 
ete.’ (Warren, 1934), then clearly with ‘forced’ or mod reversibility v » 
the same part of the figure changes from ‘nearer’ 

a change of perspective is involved j 
changes in perspective in this Sense were not followed by changes in the percep tat? 
the illusory lines, Similarly, in the first experiment i with Ponzo% figure ia 
n subjects who saw the illusion did not see 


| 
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in other words, that the same cues do not necessarily give the same information about 
distance, and that if appreciation of distance changes then perspective in this sense 
changes, Gregory's studies of apparent depth in luminous illusions when extended to 
include reversible backgrounds may clarify these processes (cf. Gregory, 1964, p. 303). 

We conclude that Balser's results, together with those of our experiments, show 
that ‘direct’ inquiry does not support the generality of a ‘constancy scaling’ account 
of visual illusions. The argument that illusions are three-dimensional interpretations 
of two-dimensional displays seems to apply only to those special figures that are 
intermediate between geometrical illusions where there is little consistent three- 
dimensional effect and those ‘pictures’ which are deliberately two-dimensional 
representations of objects in three dimensions. 
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MATCHING LOUDNESS AND VOCAL LEVEL: AN 
EXPERIMENT REQUIRING NO APPARATUS 


By R. J. IRWIN 
University of Auckland 
AND A. WILLIAM MILLS 
Tufts University 


and the apparent magnitude of a self-produced vocal response 
ed as power functions of sound pressure, although with 
different exponents. Two scales, one of loudness, the other of autophonic level, can therefore be 
Specified as a function of the same sound pressures. Under these circumstances theory predicts 
that loudness should be proportional to the square root of apparent autophonie level. Two 
Separate but similar classroom experiments were performed, in each of which one person made 
autophonic responses of six different magnitudes whose loudnesses were judged by the members 
of the class, Tho obtained exponents between the two scales so erected was 0-52 in one demon- 
stration and 0-53 in the other, thus confirming the prediction. The experiments used no apparatus 
since the only specification of the stimulus required was that the sound pressure produced by one 


subject should be the samo as that judged by another. 


Both the loudness of a sound 
(autophonic response) can be describ: 


INTRODUCTION 


Experiments on cross-modal matching (Stevens, 1959) require that subjects judge 
When two stimuli, sensed by different modalities, are equal in apparent magnitude. 
Y this means pairs of stimuli of apparently equal magnitudes are determined. Ifthe 
Subjective magnitude of each stimulus bears a known relation (as specified by some 
Psychophysical function) to its physical magnitude then it follows that pairs of 
Stimuli corresponding to apparently equal magnitudes must bear a predictable 
relation to each other. For example, if the sensation of two different stimulus- 
mensions are power functions of their respective stimuli, then it can be shown 
that such stimuli, matched in subjective magnitude, should also be related by a 
Power function, but with an exponent equal to the ratio of the exponents of each 
dimension. This deduction, which is due to Stevens, therefore provides a check on the 
Validity of the separate scales of apparent magnitude—a check which is, however, 
: necessary consequence but not a sufficient proof of their validity, because other 
UNctions (such as a logarithmic one) lead to the same deduction. 
A special case of cross-modal matching has been reported by Lane, Catania & 
tevens (1961). ‘They asked subjects to match the apparent magnitude of the vocal 
fesponse (autophonic response, as the authors called it) to the loudness of a white 
Noise. From independent experiments (e.g. Stevens, 1955) the loudness of white 
Noise, when judged by one of the direct methods such as the method of magnitude 
estimation, is proportional to the 0-6 power of the sound pressure. The apparent level 
Of a subject/s autophonic response, as measured by the method of production, is 
Proportional to about the 1-17 power of the sound pressure produced (Lane ef al. 
1961), It follows that if a subject adjusts the loudness of a noise to seem similar in 
Magnitude to one which he himself is producing, the sound pressure of the vocal 
Tesponse should be the 0-6/1-17 power of the sound pressure of the equated noise. 
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a: rowel 
ic response of the v 
diction was confirmed by Lane ef al. for the autophonic res} 
This prediction was y1 
“hi & a 
a], and the loudness of white noise. EEEE E 
[a], à eriment is a special case of cross-modal matc g oni giysi 
a ; i 1 = fj tji i 1e se sat 
ee ^ pti and hearing) are both described as — t SOENS af 
ceri X is reason it affords an 5 ER 
ressure. For this reason it a ? " ane 
: P z, sound pressure. For d "DE edit gis 
dimension, namely, j : f measuring pairs of s 
; converse experiment: instead of mea: [u onding to 
ming the converse exy ser Tt panna g 
ada e to equal sensations, one can measure pairs of sensations c i im for dit 
on! als £ i i : : s Ts ^ 
z al etiaai The magnitude of the stimuli need not be known. s E 
equal s i l 
pair of judgements they are the same. l — which 
Thus given the following psychophysical functions (and ignoring 
: ds 
govern the size of units), ! a) 
L=P% and A = Pri, pi 
T se, anc 
i is ` i 2 autophonie response, 
where L is loudness, A is apparent magnitude of aut iA abes 
sound pressure; then, if L and A are found for identical values , (2) 
L oL 406 " 
or log L = 0-6/1-17 log A; 
log L should then be a linear function of log 


jonality of 
0-51. Note that physical magnitudes do not 


A, with a constant of proport 


appear in equation (3). " „modal 
This function provides the basis for an instructive demonstration scu are now 
matching that can be performed in the classroom. Two such demonstration: 
described. 


METHOD 
Each author carried out an 


ment the subjects were ninete 
Auckland, and in the other th 
versity. The subjects were re 


vowel [a] which would 
stimulus, 


jt 
expe 
In one ©, oj 


independent but procedurally simil ity i 
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ar experiment. 
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The solid line is the theoretical outcome predicted from the separate psycho- 
physical functions of equation (1). The constant 10 in the equation that describes the 
line merely reflects the choice of units. The method of least squares was used to 
determine what power function fitted the medians best. The best-fitting exponent for 
the filled circles is 0-52, and that for the open circles is 0-53: the theoretical equation 
thus represents the data well. The data may therefore be described by saying that the 
judgements of loudness were approximately proportional to the square-root of the 
apparent magnitude of the autophonie response. The largest discrepancy between 
theory and experiment is shown by the most right-hand points, where one of the 
obtained medians underestimates the theoretical outcome of 31-62 by 6-62 units, and 
the other overestimates it by 8-38 units. 
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Fig. 1. Estimates of the loudness of a vocal response plotted as a function of its apparent 
autophonic level. The filled and open circles are independent estimates from different experi- 
ments. The filled circles have been displaced slightly to the left of the open circles for the sake 
of clarity. The triangle represents the standards which were arbitrarily assigned to that point 
on both scales. Tho vertical lines extend +one quartile from the medians. The straight line 
is the theoretical outcome predicted from the separate psychophysical equations which specify 
each subjective scale as a function of sound pressure. 


Discussion 
Three characteristics distinguish these experiments from the usual one on cross- 
modal matching. First, instead of determining the locus of stimuli corresponding to 
“qual sensory magnitudes, they determined the locus of sensory magnitudes corre- 
‘ponding to equal stimuli. Secondly, whereas the same subject usually makes the 
Judgements of both stimuli, here the person who produced the autophonie responses 
Was not the one who estimated their loudness, or, at any rate, their loudness ke 
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ities were 
founded by the effects of producing them. Thirdly, both sensory ME yE. 
— the same physical dimension, not different ones. But since the s ont 
nee re the only one capable of transducing small sound pressures, her n. dis 
ipate equation for the autophonic response may be somewhat pei ihe 
ponent cannot reflect, as is claimed for other exponents (Stevens, e em 
Reds ed characteristic of its transducer, for the ear is the ipn oth loud- 
S am ire its exponent is 0-6. Although it may be possible to all must be 
ness and autophonic level as a function of sound pressure, the judgemer m square 
made of different stimuli, otherwise loudness could not be proport ional to 2 Avail 
root of autophonic level when both are described as functions of the - ipie ja 
Warren (1962), on the other hand, suggested that judgements of both lou other has 
vocal level are based on estimates of distance: a sound twice as loud arl ne whose 
a sound pressure of one twice as near, and a vocal level twice inpr ede invoke 
sound pressure is projected twice as far. This explanation must there a 
additional hypotheses to account for the non-linear rel 
vocal level reported by Lane et al. (1961) 
Despite these differences from the cust 
or perhaps because of them, we believe 


ation between loudnes rit 
, and also found in the present pma 
omary experiment on cross-modal a ant 
these experiments illustrate a feas! 


y any 
instructive demonstration which can be performed in the classroom without 
apparatus. 
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* 
REPETITION AND VERBAL LEARNING 


By PETER B. WARR 
Department of Psychology, University of Sheffield 


An analysis is developed of the possible consequences of presenting for learning an item amongst 
others in a list, and a hypothesis is generated about the factors determining which of these out- 
comes will occur. A technique for measuring the effect of repetition is described and discussed. 
T'wo experiments are roported which test predictions about the manner in which task difficulty 
mediates the effect of repeated presentation. The results appear to confirm the predictions. 
Some implications of these experiments are considered. 


Until recently it was customary to assume that all learning proceeded increment- 
ally. It was taken for granted that repeated presentation of an item led to successive 
increments in associative strength. A number of writers have recently questioned 
this assumption and have produced evidence of what appears to be all-or-none 
learning. These studies have been reviewed and evaluated by Postman (1963) and 
Kay (1965). 

It is now usual to argue in favour of either the incremental hypothesis or the all-or- 
none hypothesis, as if only one of these could be valid. But it is more likely that 
learning in some conditions is incremental and in other conditions is all-or-none. It is 
intended in this paper to expand this suggestion and to report experiments that test 
predictions about the variables mediating the effect of repeated presentation. The 
possible effects of repetition of items must first be analysed. This analysis will be 
presented in terms of a paired associate learning task. 

It is clear that, if all-or-none learning is to occur, subjects must in some sense fail 
to process some of the information presented to them. It is therefore postulated that 
Subjects may ‘select’ certain items from the list presented. Selection of an item is 
taken to imply that information about the item is processed by the subject; and 
Conversely information about a non-selected item is not processed by the subject. 
It is probable that there are differences in the degree to which items are selected in 
this way. Selection may be an intentional or an unintentional activity. Examples 
of intentional selection are provided by subjects experienced in laboratory learning 
tasks who often deliberately adopt the strategy of paying attention to part of the 
list to the exclusion of the remaining items. Unintentional selection is exemplified 
by the subject who particularly attends to an item which includes the initials of his 
name and who thereby fails to process information about other items. Among the 
Variables which may determine subjects' selection of items are the ‘meaningfulness’ 
of certain stimulus and response terms or of the linking of two terms of a pair, inter- 
Item similarity, time schedules, serial order effects, instructions given and subjects? 
Conception of the task. 

According to this usage of ‘selection’, learning can only take place after an item 

as been selected, but selection of an item does not always result in that item being 
learned, It follows from this that when items are presented for learning for the first, 


time, three outcomes are possible. 
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(1) An item is not selected for learning. In this case no increment in associative 
strength has been generated. The item will not be correctly recalled. = 

(2) An item is selected for learning and is correctly recalled. In this case a fairly 
large increment has been generated. 

(3) An item is selected for learning and is not correctly recalled. In this case some 
increment in associative strength has been generated. . 

The all-or-none and incremental hypotheses about the learning process may now 
be described in terms of this analysis. The all-or-none hypothesis may be said w 
assume that on each trial items in a list fall either into category 1 or into category ^ 
This indicates either that an increment of sufficient magnitude to permit recall has 
been generated or that no increment in associative strength has followed the presente 
tion. (The magnitude of those increments that have been generated can presumably 
vary within a limited range, so that there is a sense in which the expression * all-0Y 


acer dal A : " . ach 
none’ is misleading.) The incremental hypothesis may be said to assume that on © 


"iA > à é : : ws f dinates: BU 
trial items in a list fall either into category 2 or into category 3. This indicates t 


; : : in 
an increment has been generated in the case of all items, and that the variation 


: : Ra 44 will be 
magnitude of increments is fairly large, In terms of the present framework it W d " 
said that the all-or-none factor is alone operative when all items in a list fall in 


categories 1 or 2. And it will be said that the incremental factor is alone operativo 
when all items in a list fall into categories 2 or 3. It is now possible to describe d 
outcome which appears not to have been considered in earlier discussions of ui 
topic—that items in a list fall either into category 1 or into category 2 or into catt" 
gory 3. We may say that when items fall eis all the three categories both the : e 
or-none and the incremental factors a eis 


B ay 
and t re operative. This stage of the argument m^ 
summarized in the form presented in Table 1 : | 


Table 1. Conditions under which the all-or-none and incremental factors will opera 
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Subjects will no longer be able tO 


S tl x » wi 
selection, so that the incremental factor V T JD" 


pes al factor wil] þ l à lv when 8 "i 

in a list are selected ; it is li ME € alone operative only w : 

tasks. In brief then ther oat ne rid will occur relatively infrequently in lab? f o 
: ual factor hypothesis assumes that either one or 
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factors described here may be operative in a particular task. It is hypothesized that 
certain situational variables determine whether the incremental factor, the all-or- 
none factor, or both factors are operative. 

The task difficulty variables which are assumed to determine the effect of repetition 
include the time intervals and number of items employed. In addition it would 
appear that when subjects are required to make verbal responses during presentations 
of a list (i.e. to read aloud the stimulus and response terms), the level of task difficulty 
is increased: the introduction of verbal responses is of course analogous to a reduc- 
tion in time intervals. Variations in task difficulty are assumed to be responsible 
for the seemingly inconsistent pattern of results of experiments in which unlearned 
items are replaced on each trial. In experiments of this design results apparently 
supporting the all-or-none hypothesis have been obtained by Clark, Lansford & 
Dallenbach (1960), Kristofferson (1961, Expt. 1), Reed & Riach (1960), Rock (1957) 
and Rock & Heimer (1959). On the other hand, a number of experiments of this kind 
have been reported in which the incremental factor appears to have been operative. 
It may be noted that the level of task difficulty in these experiments was markedly 
higher than in the studies referred to above. In the case of this second group of 
experiments (e.g. by Battig, 1962; Gregg, Chenzoff & Laughery, 1963; Postman. 
1962; and Underwood, Rehula & Keppel, 1962), the task involved either verbal 
response during presentations, or relatively short time intervals, or both these con- 
ditions. The importance of these situational factors may be further emphasized by 
reference to experiments of this design by Kristofferson (1961) and Lockhead (1961). 
The results of Kristofferson's first study were of such a kind to suggest that only the 
all-or-none factor was operative. On the other hand, the introduction into his second 
experiment of verbal responses during presentations necessitated a significant amount 
of incremental learning. The same effect was noted by Lockhead (1961) when he cut 
presentation time from 8 to 2 sec. These changes in level of task difficulty are assumed 
to have led to changes in subjects’ opportunity to select items from the list and to 
correctly associate selected items on the subsequent test. 

If each item in a list is attended to briefly, all items may be said to have been 
Selected. But it is unlikely that all items will be correctly recalled in these conditions. 
An experiment bearing directly upon this point has been reported by Brackett & 
Battig (1963). These investigators compared the performance of subjects who had 
received different pretraining treatments. Whereas one BEQUD ma instructed during 
Pretraining to learn only part of the list (in the present terminology, to select certain 
items), the other group was instructed to learn all the list (i.e. to select all items). The 
Performance of the latter group in learning an additional list in which unlearned items 
Were replaced was significantly worse than that of a control group: en the otier 
hang, the group which had been trained to select a proportion of items was P i e 
than the control group. This may be interpreted to mean that the group which had 
been trained to select part of the list correctly associated all selected items after a 
Single selection, whereas the other group selected all items but could not correctly 
3550ciate all after a single selection. It might in this way be the case that guy the 
incremental factor was operative for the latter group; this would be so if subjects 

lowed instructions and selected all items. The all-or-none factor can only be 
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Perative if some items are unselected. 
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Predictions about task difficulty 


An experimental procedure which generates a convenient index of which rom 
are operative in a learning situation has previously been reported (Warr, 1 ap 
This procedure requires that items which are correctly recalled be replaced jen 
randomly selected new items. In this way none of the items presented in any list : 
yet been correctly recalled. Although lists after the first contain items which ze 
received varying numbers of presentations, the length of the list remains constan j 

If items are categorized according to the number of presentations they have 
received, it becomes possible to compare the probability of correct recall, p(C); nd 
each category. The p(C) measure is of the relative frequency kind, being the ig 
tion of items which are correctly recalled after each number of presentations. + 


presentations. The probability of correct recall after 1, 2, 


abbreviated to p(C,), p(C,), “> P(C,). The pattern of P(C) values with increasing 
numbers of presentations in 


situation. n 
In conditions where the all-or-none factor alone is operative (i.e. where all items fa 


; : : er 
Into categories 1 or 2) we expect P(C) to remain constant despite increasing num" 
of presentations. A straightforward test of this is provided by the comparison 


er 

(C4) and 2(C5,). When the all-or-none factor alone is operative p(C5,) will not á 

significantly from p(0). n 
When the incremental factor is operative, p(C,.) will be significantly greater the 


wi S + whic 
p(01). In addition, however, it is Possible to distinguish between conditions in Y » 
the incremental factor alone is Operative and those in which both factors are operat A 
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to those used in an earlier experiment (Warr, 1963). One aspect of task difficulty is 
varied in each of the experiments, whilst all other variables are held constant. The 
observed pattern of p(C) values is compared to that found in the previously reported 
€xperiment. In this case the results indicated that both factors were operative in 
the paired associate task employed. The task was a relatively difficult one in that 
verbal responses were required during presentations which were made at a com- 
paratively rapid rate. 
ExPERIMENT I 
Method 


It was decided to relax the conditions obtaining during presentations of material in this experi- 
ment. It was predicted that in this case the incremental factor would no longer be required: 
P(Cy,) would not exceed p(C,). This argument was supported by the apparent lack of incre- 
mental learning in Rock’s (1957) conditions, which constituted a very much easier task. A further 
experiment was therefore carried out in which procedure, conditions, materials, subject popula- 
tion, instructions, etc., were the same as previously, but in which Rock’s time intervals were 
used. These are presented below for comparison. 


Rock's (1957) Warr's (1963) 


exp. exp. 

(sec.) (sec.) 
Presentation of each pair 8 3 
Interval between pairs 5 0 
Before recall test Not stated 5 
Test presentation of stimulus term 5 5 
Interval between test items 0 0 
After recall test 30 10 


A 10 sec. interval before each recall test was employed, and (as in Rock's experiment) subjects 
were not required to mako verbal responses during presentations. Apart from this manipulation 
of timo intervals, conditions were those of the original experiment. The letter-number pairs which 
had previously been used were also employed in this experiment. 


Table 2. The relation between C-score and number of presentations in Expt. I 


Successive presentations of an item 


1 2 3 4 5 6 
Items presented 1016 594 356 203 129 67 
Total C-score 340 196 126 49 47 20 
P(C) 0:335 0:330 0-354 0-241 0:364 0-299 
Results 


The relevant findings from Expt. I are shown in Table 2. The values of p(C) in this 
Table are based upon group data, and since not all subjects contribute to the values 
or more than four presentations these should be considered unreliable. Comparison 
fpo 1) and p(C,,) values for individual subjects indicates that the all-or-none factor 
1$ alone operative in these conditions (Wilcoxon T = 195, x = 33, P > 0-05), where- 
àS the incremental factor was present to a very significant degree in the conditions 
°f the earlier experiment. This difference ensuing from the change in presentation 
Conditions was shown to be significant by comparing the samples of difference-scores, 
PC.) p(C,), from the two experiments. The effect of repetition was found to be 


“'Bnificantly different in the two sets of conditions (U = 219, P < 0-01). 
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EXPERIMENT II 


The level of task difficulty is, however, determined not only by conditions ohter ng 
during presentation of a list. Consider two groups of subjects for whom gandina 
during presentation of a list are identical. If the time available for recall of ea : 
item A 5 and 10 sec. respectively for the two groups, it is possible that the 10 p^ 
group would find the learning task easier. This would be because this group ble 
longer to recall items which the former group might have ‘learned’ but are not x : 
to recall in the 5 sec. available. In other words, if 5 sec. is not an adequate time 
recall of all items selected, an extension of this recall interval should allow recall : 
a greater number of selected items. And if extension of the recall interval allow 
greater number of selected items 
of correct associations that will b 
on this basis that a fairly large in 
yield a situation in which increme 
can be correctly associated after 


to be correctly associated, it increases the ene 
e made after a single selection, We might pre 4 
crease in the recall interval in a learning task sni 
ntal learning is unnecessary since all selected ite 

à single selection, 


Method 


A further paired associate learning experiment of the 
prediction. Conditions during presentations were the 


1963), but the time available for recall of items was inc 
were held constant. 


same design was carried out i^ í 

Same as in the original experimer -ariables 
Pw 

reased from 5 to 10 sec. All other 


; 2s pene LL 
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emitted (C-score) on each test in the two experiments. Mean C-score per subject on 
each test in this experiment is 2-57, and mean C-score for the first six tests in the 
original experiment was 2-34. Although more items are correctly associated through- 
out Expt. TT, this increase does not reach statistical significance. Predictions may be 
derived from the dual factor hypothesis about differences in C-score over the series 
of tests in the two experiments. 

Conditions are identical on Presentation 1 of both experiments, but, since it is 
hypothesized that more items can be correctly associated after a single selection in 
the conditions of Expt. IL, we predict that C-score for Test 1 will be ata significantly 
higher level in this experiment than in the original experiment. These values are 
2-08 and 1-13 respectively for the two experiments so that this prediction is con- 
firmed. Furthermore, according to the dual factor hypothesis items presented on 
each trial after the first in the original experiment are not selected, or are correctly 
associated after a single selection, or are correctly associated after more than one 
selection. On the other hand, items presented on trials after the first in Expt. II are 
all assumed either to be not selected, or to be correctly associated after a single 
selection. The operation of the incremental factor on tests after the first of the original 
experiment might therefore be supposed to result in a higher C-score for those tests. 
It has, however, been hypothesized that the conditions of the present experiment 
result in more items being correctly associated after a single selection than are so 
associated in the earlier experiment. This may be reformulated in the following way. 
The incremental factor necessarily contributes more to C-score on tests after the 
first in the original experiment, since this factor is not operative in Expt. IT. On the 
other hand, the all-or-none factor contributes more to C-score on tests after the first 
in Expt. II, since more items selected for the first time can be correctly associated in 
the conditions of this experiment than in the conditions of the original experiment. 
Whereas the incremental factor is ‘stronger’ over trials after the first in the original 
experiment, the all-or-none factor is ‘stronger’ over the corresponding trials in 
Expt. Il. We might expect, therefore, that C-score on comparable tests after the 
first will be approximately the same in both experiments. The mean values are 2-58 
for the original experiment and 2-66 for the present one and can be seen to meet 
this expectation. 

It is not easy to generate a different hypothesis to account for the observed pattern 
of C-score per test If it were the case that the subjects in Expt. II were faster learners 
than those in the earlier one (which would account for the C-score of 2-08 and 1-13 
respectively on test 1), C-score for tests after the first should also be significantly 
higher in this experiment. This is not so. It may also be mentioned that the subjects 
Were drawn from the same population for both experiments and are not expected 
to differ in learning ability. . — "— 

But it is possible that the absence of incremental learning in A con á up the 
Present experiment is partly due to the increased interval between presentations 
resulting from a longer recall period. The mean interval between two successive 
Presentations of an item in the original experiment was 111 sec., whereas in Expt. II 
the mean length of this interval was 171 sec. Consider a sample of items which are 
Selected for learning in the original experiment. It is assumed that some increment 
in the associations between stimulus and response terms follows this selection, 
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Suppose, however, that this sample of items is not correctly associated on thie ee! 
ing recall test. The mean interval before each item is presented again is 111 "we PP 
if an item is selected for a second time, we assume that a further increment Is aCC* 3 
But it is reasonable to postulate some decline over time in the partial aouen 
formed after the first selection. It is possible that in a comparable sample of Hone d 
Expt. II this partial association has declined to a greater extent, since an ie, n 
171 sec. has elapsed between presentations. In other words, it might be the case 
(contrary to the explanation suggested previously) not all selected items in ia sim 
are correctly associated after a single selection; but that no incremental iter 
takes place in these conditions because the increment in the strength of an associati : 
between terms of a selected item has declined to zero by the time a second selecti 
of the item is made. T. 
This postulated importance of inter-sclection interval cannot wholly accoun hè 
the absence of incremental learning in this experiment since it cannot explain ke 
significantly greater C-score on Test 1. This seems to be adequately explained is 
assumption that the longer recall interval permits more responses to be ami ii 
correctly after a single selection. It may be the case, however, that the longer inter we 
between presentations of an item is partly responsible f the obser V 


for the constancy o 
p(C) values in a manner descr 


ibed in the previous paragraph. A combination incre" 
two postulates seems to offer the most satisfying explanation of the absence ° it 
mental learning in the conditions of Expt. II. Forgetting is clearly an impor een 
aspect of learning, but adequate techniques for studying the interrelationship betw 
the two processes have yet to be developed. ` 


Discussion 
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1963). Differences in learning ability also constitute a promising line of investiga- 
tion; it has been noted that learning ability is an important variable in experiments of 
the kind reported here, at least in conditions in which response learning comprises 
a major part of the task (Warr, 1964a, b). 

It may be argued that differential item difficulty constitutes an artifact in the 
procedure employed in this series of experiments. It could be the case that all learning 
is in reality incremental, but that p(C) does not increase regularly with increasing 
numbers of presentations in these conditions because items presented on several 
occasions are more difficult than those which are correctly recalled after fewer 
presentations. A similar argument has been levelled against Rock's (1957) design ; 
the relevant evidence has been discussed by Postman (1963). 

Itseems unlikely that differential difficulty of items can alone account for the results 
of experiments, such as Expts. I and II, in which D(Cs,) does not exceed p(C,). If 
this were the case, the same differences in difficulty should have prevented p(C,.) 
from exceeding p(C,) in the original experiment. Whereas differential difficulty might 
be expected in general to depress the value of p(C,.), this cannot be the whole explana- 
tion of the finding that p(C,,) is not greater than p(C,) in certain experiments, since 
it was greater than p(C,) in the original experiment when the same items were 
employed. 

There may be more force in the argument from differential difficulty when levelled 
against experiments in which »(C,,) is found to be greater than (C) and in which 
p(C) does not increase beyond »(C,). It could be contended that learning here is in 
reality wholly incremental, but that differential difficulty of the items has prevented 
an increase being observed beyond p(C,). If it were the case that this factor were 
substantially influencing the results of these experiments, however, p(C) ought to be 
a negatively accelerated function of number of presentations. In other words, the 
2 (C) curve should level off relatively smoothly. An explanation of the results in terms 
of a difficulty factor of this kind seems unable to account for the marked disconti- 
nuity between p(C,) and p(C,,). A more reasonable notion is that an additional 
factor is exerting a constant influence on p(C) values after the first. 

It is therefore concluded on the basis of this series of experiments that task 
difficulty is an important variable mediating the effect of repetition on learning. In 
relatively easy conditions learning may occur on an all-or-none basis, but when the 
level of task difficulty is raised an incremental factor becomes operative. It appears 
that ‘learning’ is neither incremental nor all-or-none; rather is learning incremental 
under some conditions and under others all-or-none. 


The author is very grateful to Prof. H. Kay for his comments and assistance in 
the preparation of this paper. 
REFERENCES 


Acninirs, E.M. (1920). Experimental studies in recall and recognition. Arch. Psychol. 6 
(no. 44), 1-60. a 

Barna, W. F. (1962). Paired associate learning under simultaneous repetition and non-repeti- 
tion conditions. J. exp. Psychol. 64, 87-93. [n 
Rackerr, H. R. & Barrie, W. F. (1963). Method of pretraining and knowledge of results in 
Paired associate learning under conditions of repetition and non-repetition. Amer. J. Psychol. 
76, 66-73, 

10.2 


156 P. B. Warr 


CLARK, L. L., Lansrorp, T. G. & DarLENBACH, K.M. (1960). Repetition and associative 
learning. Amer. J. Psychol. 73, 22-40. . 
GREGG, T. W., CugNzorr, A. P. & LavcHERY, K. R. (1963). The effect of rate of presentation, 

substitution and mode of response in paired associate learning. Amer..J. Psychol. 76, 110-15. 
Kay, H. (1965). One trial learning; incremental or all-or-nono? Acta Psychol. (In the pom 
KRISTOFFERSON, A. B. (1961). Repetition and paired associate learning. Science, 134, 2036- ‘ 
LockHeap, G. R. (1961). A re-evaluation of evidence of one trial associative learning. Amer. 

J. Psychol. 74, 590-5. 
Postman, L. (1962). Repetition and paired associate learning. Amer. J. Psychol. 75, Quem, 
Postman, L. (1963). One-trial learning. Chapter 8 in Verbal Behaviour and Learning, eu 
Cofer, C. N. and Musgrave, B. S. New York: McGraw-Hill. — 
Postman, L., JENKINS, W. O. & Postman, D. L. (1948). Experimental comparison of acti 
recall and recognition. Amer. J. Psychol. 61, 511-19. ius 
REED, J.C. & Rracu, W. D. (1960). The role of repetition and set in paired associate learning: 
Amer. J. Psychol. 73, 608-11. g 
Rock, I. (1957). The role of repetition in associative learning. Aimer. J. Psychol. 70, 186-93. 
Rock, I. & Hemmer, W. (1959). 
Psychol. 71, 1-16. 
UxpERWwOOD, B. J., REHULA, R. & KEPPEL, G. (1962). 
Amer. J. Psychol. 75, : l. 

Wann, P. B. (1963). The effect of repeated present 
Quart. J. exp. Psychol. 15, 262- 
Wann, P. B. (1964a). The effect of repetition of items on two phases of paired associate leart 

Quart. J. exp. Psychol. 16, 224-31. 


Warr, P. B. (1964b) Repetition and the secnm _ — — À 2 
Psychol. 16, 361-3. Ceognition of paired associate items. @ 


E : s A Amer. J* 
Further evidence of one trial associate learning. -iM 


E" S " sarning: 
Item selection in paired associate lea 


" , , : arnin£: 
ation of items on paired associate lea 
ning 


J. eU 


(Manuscript received 13 F, ebruary 1964) 


n - 
———— 


ooo mon 


Brit. J. Psychol. (1965), 56, 2 and 3, pp. 157-162 15 


Printed in Great Britain 


-l 


REMINISCENCE, INHIBITION AND CONSOLIDATION 


By S. RACHMAN ax» J. GRASSI 


Institute of Psychiatry (Ma udsley Hospital), 
University of London 


The inability of the two-factor theory of inhibition to account for some of the experimental 
findings on psycho-motor learning has led Eysenck to formulate a new theory which introduces 
the concept of consolidation. The present experiment describes an attempt to separate the 
inhibitory factors and the consolidation process. Fifty-five subjects were randomly assigned 
to one of four groups and made to practise on the pursuit rotor for five minutes without a rest. 
They were then re-tested four hours later and reminiscence scores were obtained. The results 
indicate that if an interfering task is given immediately after the initial practice period is 
completed, then the process of consolidating the motor learning is adversely affected. 


The reminiscence effect, and its relation to massed and spaced practice, have been 
extensively investigated and most explanations of this phenomenon have been 
couched in the two-factor theory of inhibition. This theory has proved to be of value 
and has provided a plausible account of many experimental findings (Kimble, 1949: 
Eysenck, 1957, 1964; Feldman, 1963). It is now recognized, however, that some 
experimental results cannot be accommodated by the theory (Adams, 1963: Ey: 
1964). Here are two examples. 

Contrary to prediction, Eysenck and his colleagues found that although high-drive 
subjects do not perform better than low-drive subjects during the pre-test practice 
period they nevertheless show greater reminiscence scores (Eysenck & Maxwell, 1961: 
Eysenck & Willett, 1961). These results are embarrassing because the two-factor 
explanation of the reminiscence effect assumes the occurrence of pre-rest differences 
in performance ; reminiscence is regarded as an indirect measure of the reactive inhibi- 
tion which accumulates during pre-rest activity. The dissipation of this Tp during 
the rest period is said to be responsible for post-rest increments in performance, i.c. 
the reminiscence effect. A second example is provided by Feldman (1964) who showed 
that with very long pre-rest practice periods, the reminiscence scores decline. The 
two-factor theory would of course predict an increase in reminiscence under these 
Conditions. 

In an attempt to encompass these and other awkward findings, Eysenck (1964) 
has proposed a revision and extension of the two-factor theory. The main feature of 
Eysenck’s three-factor theory is the introduction of a concept of consolidation, 
Reminiscence is defined in the manner of Osgood (1953) as an improvement in per- 
formance obtained without further practice. Eysenck argues that this improved 
Performance results from a consolidation of previous learning and from the recovery 
9f performance which was being depressed by the accumulation of inhibition, 
According to Eysenck, ‘different tasks obviously involve different degrees of inhibi- 
ton and of consolidation in the production of the total effect known as reminiscence’, 

he pursuit rotor task is offered as an example of a relatively pure ‘consolidation’ 
activity, whereas vigilance tasks in which the person's performance is nearly perfect 


senck, 


Tom the beginning are regarded as activities which reflect mainly inhibitory effects 
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Eysenck also postulates that ‘the memory trace becomes degraded aier o A 
lapse of time’ and that, once degraded, it is no longer available for cons eer 
This view appears to imply a gradual decline or degradation in the MEDIE em 
the alternative, a very sudden decline, seems unlikely. One aim of the ovem j dl 
ment was to obtain information about the time course of the postulated m > 
S. ^ Mos 
ond (1964) uses his three-factor theory not only to account for those stl A 
which cannot be accommodated within the two-factor theory, but also to b Tia 
re-appraisal of earlier experimental results. This task, is however, complicated y aii 
fact that the early experiments were not designed to separate the processes of pine ae 
dation and inhibition dissipation. Consequently, many of the findings can appare »" 
be accounted for by either theory in a satisfactory manner. Rachman used e 
example, reported that schizophrenic patients only display reminiscence yer cul 
the pursuit rotor after a prolonged rest period. This finding was regarded as E pei 
of the slow dissipation of inhibition in schizophrenic patients (two-factor bat . 
It can equally be argued, however, that schizophrenics are very slow to npo 
their learning (three-factor theory). In the cireumstances it was felt that an at ee 
should be made to design an experiment in which the processes of consolidation 
Ij dissipation could be teased out. 


7 z : " : Edad "ocess 1$ varied 
We accordingly planned an experiment in which the consolidation proces 
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mental groups we used a 4 hr. rest period. The consolidation process On ar val 
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« Perc i ; inter i 
hand was interrupted by giving the subjects a reversed cue task at various irit 
after they had completed their 5 min. of pursuit rotor practice. 
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] Tho subjects in the third Experimental Group (C) rested for 6 min. after completion of the 
initial training, practised the reversed-cue task during the next 3 min. and then rested for 1 min. 
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in the room. 'They also were re-tested 4 hr. later. 


-= 
5 min. 10 min. 4hr. 2 6n: 
Control Massed Massed 
group practice Rest Rest | mes 
Exp. Reversed q 
Massed Massed 
group practice cue Rest Rest . 
A. (3 min.) practice 
— | 
Exp. Massed Reversed |] 
group s Rest cue Rest Rest Massed 
practice a i 
B (3 min.) practice 
Exp. ER Reversed | ,, 
group srice Rest cue 5 Rest Massed 
[S 2 (3 min.) - practice 


Fig. 1. The experimental design. 


RESULTS 


The method of treating the results which was used in earlier work (Rachman, 1962) 
was repeated in the present experiment. All the practice periods were analysed in 
terms of 10 sec. trials, thus 5 min. of practice equals 30 trials. Reminiscence scores 
were obtained in the customary manner by calculating the differences in performance 
on the last trial, i.e. the last 10 sec. prior to the rest period, and the first trial of the 


Table 1. Means and s.p. of the pre-rest, post-rest and reminiscence scores for 
the control and the three experimental groups 


Pre-rest (trial 30) Post-rest (trial 31) Reminiscence 
SSS e: ^ al 
Group n Mean sD; Mean S.D. Mean S.D. 
Control 14 1:49 1-299 2-835 1-084 1:34 0-742 
A 14 2-21 1-065 2-04 1-027 —046 0-837 
B 14 146 1-069 2-04 1-263 0-59 1-005 
c 13 1:52 0-870 1-91 0-963 0-39 0-775 


Table 2. Analysis of variance of pre-rest scores (trial 30) 


Source D.F. SS MSV F P 
Between groups 3 5:39 1-7977 1-5126 N.S. 
Within groups 51 60-62 1-1885 — — 
Total 54 66-00 


Post-rest period. In order to ensure that the reminiscence scores were uninfluenced 
by group differences in pre-rest performance levels, we carried out an analysis of 
Variance of the pre-rest scores on trial 30 (see Tables 1 and 2). No significant differences 
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3 ienificant 
were found. The reminiscence scores on the other hand revealed some signifi oe 
1 7 ` s faena score 
differences between the groups (see Tables 1 and 3). The mean reminiscence sce € 
à i i i : versed-c ask 
the Control Group was 1-34, while Group A which carried out the reversed ro ir 
$ È ei Ma R '! obtair 
immediately had a small but negative score. The remaining Groups B and C 
small positive scores. 


Table 3. 4 nalysis of variance of reminiscence scores 


Source D.F. SS MSV F P 
Between groups 3 16-28 54267 T5511 «ul 
Within groups 5l 36-65 0-7186 
Total 54 52-93 — ses 


iroups 
The mean score for the Control Group differed significantly from that for — 
A and C (P < 0-01) and from Group B (P < 0-05). The means for Groups A kr 
were also different (P < 0-05) while that for Group C was not different from eit 
Groups A or B. These results are shown in Fig. 2. 
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then the reminiscence score will be unaffected. Our results suggest that the greatest 
part of the process of consolidating the learning occurs, in this case at least, when the 
Subject stops practising. That the full process of consolidation is not completed 
within 3 min. is evidenced by the reminiscence scores obtained from the subjects in 
Groups B and C. The present results provide only an outline of the probable time 
course of the consolidation process in this learning situation but the experimental 
design used here can be modified in order to fill in the gaps. 

A point of theoretical interest which arises from these results is the demonstration 
that pursuit rotor reminiscence does not result simply from a recovery from inhibi- 
tory effects. In other words, the two-factor theory cannot account for these findings, 
The subjects, it will be noted, were re-tested after a four hour rest period, 

It may be argued that the lowered reminiscence scores resulted from the develop- 
ment of a competing response, i.e. moving the stylus in an anti-clockwise direction. 
This explanation is unlikely for two reasons. First, none of the subjects actually 
learned how to carry out the mirror task. They tended to flounder about and none 
of them ever stayed on the target for longer than two-tenths of a second. Secondly, 
if the poor reminiscence scores were produced by competing responses then we might 
reasonably expect, Groups A, B and C to show similar results as they all had 3 min. 
of reversed-cue practice. As we have seen, however, Group A gave different results 
from those of Groups B or C. These results clearly indicate the importance of tem- 
poral factors in suppressing the reminiscence Scores. As Osgood (1953) has pointed 
out, ‘another implication of a pure interference theory is that amount of forgetting 
should be independent of the temporal point of interpolation? (original italics), 

It is, however, necessary to bear in mind that interference and consolidation pro- 
cesses may be expected to interact and that it is rather difficult to separate their 
respective effects (Bugelski, 1956). The most satisfactory method of separation would 
appear to be what Bulgelski calls “suspended animation’ (e.g. sleep, freezing, tem- 
porary loss of consciousness). The value of this technique is limited however by 
inherent practical difficulties: some problems cannot be investigated by these methods 
and need the approach of the present experiment. 
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A THREE-FACTOR THEORY OF REMINISCENCE 


Bx H. J. EYSENCK 
Institute of Psychiatry, University of London 


A three-factor theory of reminiscence is suggested, making use of the concepts of consolidation, 
reactive inhibition and conditioned inhibition. It is further suggested that the reminiscence 
phenomenon is highly task-specific, in the sense that different tasks call differentially for the 
various processes hypothesized. Furthermore, it is suggested that differences in drive conditions, 
personality, fatigue, drug administration and many other variables impose definite limits to the 
replication of research findings, and that only specific studies of the influence of these variables, 
within a given theoretical context, can lead to a proper quantitative theory of reminiscence. 


INTRODUCTION 


Reminiscence is usually defined in terms of increments in learning which occur 
during a rest period (Hovland, 1951, p. 653): this author warns that before remini- 
scence ‘can be considered a fundamental learning phenomenon, explanation of it in 
terms of fatigue, motivation, and artifacts of measurement must be eliminated’, 
Osgood (1953), on the other hand, defines reminiscence as ‘a temporary improve- 
ment in performance, without practice’, and: ‘The term “reminiscence ” refers to the 
objective fact of improved performance’ (p. 509, our italics). It is true that learning 
is usually indexed in terms of performance, and to that extent the two definitions 
may be considered equivalent, but it is also true that modern learning theory makes 
a radical distinction between learning and performance; learning may or may not 
issue in performance, depending on various conditions which require careful investiga- 
tion. Some of these conditions are indeed mentioned by Hovland in the sentence 
quoted above, but the terms used are not precise enough to carry much meaning. 
Would Hull’s concept of ‘reactive inhibition’ be considered equivalent to ‘fatigue’, or 
would it be considered as ‘negative motivation’? As long as we have no agreed 
definition of terms such as these, there might be difficulties in the way of un- 
ambiguously demonstrating the phenomenon under investigation. Furthermore, to 
recognize ‘artifacts of measurement’ implies knowledge of the true principles of 
measurement; there is no agreement on just how measurement ought to proceed. 

Ammons (1947a), to take but one example, has suggested a correction for ‘warm- 
up decrement’ which depends for its plausibility on the interpretation of the post- 
rest improvement in performance after the first trial as ‘warm-up’; if Eysenck’s 
(19565) explanation of this phenomenon in terms of extinction of conditioned inhibi- 
tion is preferred, the ‘correction’ is seen as an artifact which distorts measurement. 
It can also be shown that results of experiments may be influenced quite powerfully 
by the definition of single trials used; in the case of the pursuit rotor, for instance, 
Ammons (19475) has used 1 min trials, Adams & Reynolds (1954) 30 sec trials, and 
Eysenck (19565) 10 sec trials; in view of the marked changes in performance during 
the first minute or two of post-rest practice such apparently unimportant differences 
in choice of trials length may lead to quite different results. As an example, Fig. 1 
is taken from a study by Eysenck & Willett (1961); it will be seen that, when the 
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INHIBITION THEORIES OF REMINISCENCE 


In the past twelve years or so, Hullian theories have been widely used as 
explanations of reminiscence phenomena, and the associated ones attending massed 
practice as opposed to spaced practice. The phenomena in question are as 
follows. 

(1) Massed practice results in performance increments which are inferior to those 
achieved by spaced practice (e.g. Eysenck, 19560). 

(2) The superiority of spaced practice is within limits proportional to the length of 
Test pauses between periods of practice (e.g. Adams, 1954). 

(3) Shift from massed to Spaced practice, or vice versa, leads to shift in per- 
formance such as to make the shifted group resemble the other group more 
and more, and finally become indistinguishable from it (e.g. Adams & Reynolds, 
1954). 

(4) Programmed rest periods produce reminiscence (improved performance) in 
groups with massed practice, but not in groups with sufficiently spaced practice. 
Even after reminiscence, the performance of groups with massed practice does not 
usually reach that of groups with spaced practice (e.g. Eysenck, 19565). (Ammons 
(1947 a) has introduced the convenient nomenclature of ‘temporary work decrement’ 
for that part of the inferiority of the massed practice group to the spaced practice 
group which is made good during rest; the remainder he calls “permanent work 
decrement’. As we have seen under (3) above, the permanent work decrement is not 
really ‘permanent’, of course). 

(5) Reminiscence is a negatively accelerated function of length of pre-rest massed 
practice (e.g. Ammons, 19475). (Actually this statement is not quite accurate: 
reminiscence first increases and then decreases as a function of amount of pre-rest 
practice; cf. Ammons, 19476; Irion, 1949; Adams & Reynolds, 1954; Feldman, 
1964.) 

(6) Reminiscence is a negatively accelerated function of length of rest period 
(e.g. Ammons, 1947 b). 

There are in addition a few phenomena which appear during the post-reminiscence 
period, and which must be considered in connexion with it; they are dependent on 
the Sequence of rest following massed practice, and do not appear when spaced 
practice is used, or when massed practice is used without the interposition of a rest 
period. These phenomena are: 

(7) The first post-rest trial (which is used to define reminiscence in conjunction 
With the last pre-rest trial) is followed by a rapid upswing in performance; this is 
Sometimes referred to as ‘warm-up’, but will here be called ‘post-rest upswing’ in 
order to avoid the theoretical implications of the former term (e.g. Ammons, 1947 a). 

(8) Post-rest upswing is followed by post-rest downswing, i.e. a steady trend of 
Performance in the downward direction. Ammons (19474) suggests that this down- 
Ward trend ends, and is reversed, when it reaches the point which a comparable 
Massed practice group would have reached if it had not been given a rest period, 

enny’s (1951) results give some support to this contention, but Ammons’s own data 
(19475) do not. He used thirty-five groups of subjects in all, combining seven lengths of 
rest period (3, 2, 5, 10, 20, 60 and 360 min) and five lengths of pre-rest practice periods 
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experimental investigations. Hull accepts the Mowrer-Miller ‘work hypothesis’, 
according to which inhibition is a function of the actual physical work done by the 
Organism. Bilodeau (1952), Ellis, Montgomery & Underwood (1952), Bilodeau & 
Bilodeau (1954), and others, have adduced convincing evidence to the contrary. The 
writer prefers, as does Walker (1958), a central rather than a peripheral type of 
hypothesis, relating inhibition to the amount of continued attention required by the 
task (i.e. a ‘mental work’ hypothesis rather than a physical one). Evidence for the 
existence of reminiscence effects in almost purely perceptual tasks (C. H. Ammons, 
1955), and studies of bilateral transfer effects (Ammons & Ammons, 1951; Grice & 
Reynolds, 1952) further serve to discredit the peripheral hypothesis. 

(b) It is sometimes said that there is no direct evidence for concepts such as J, and 
slp, and Gleitman et al. (1954) have, for instance, deduced certain experimental 
consequences from Hull's postulate of conditioned inhibition which they seem to 
regard as so unlikely that in the absence of experimental enquiry they are prepared 
to throw overboard the theory. In putting this hypothesis to the experimental proof, 
Kendrick (1960) was able to show that the predicted consequences did in fact occur, 
thus furnishing us with positive proof for the existence of a mechanism very closely 
resembling sI} in its operation, Similarly, 1.R.P.’s have been identified by Bills (1931) 
and more recently Spielmann (1963) and Eysenck (1964d). This identification is 
Important as the concept of conditioned inhibition stands or falls with the presence 
of LR.P.'s in massed practice. 

It would of course have been preferable if 1.R.P.’s had been identified in pursuit- 
rotor work, rather than in different activities; Ammons, Ammons & Morgan (1958) 
have failed to find any such direct support, as have several workers in our own labora- 
tories. The reason would appear to be the high level of time off target on the pursuit 
rotor, which is confounded with any 1R.P.’s which may occur. Statistical analysis 
can only disentangle these two sources of error if 1.R.P.’s occurred in some regular 
or rhythmic fashion. The Spielman and Eysenck studies suggest that this is not so, 
and that rr.p,’s occur in a random fashion. This difficulty would therefore appear to 
be almost insuperable in any learning task, such as the pursuit rotor, where an 
identical index is used for r.R.P.'s and failure to perform perfectly. 

We may note at this point also that consolidation phenomena have been inde- 
pendently verified (Glickman, 1961), so that this concept also is not introduced 
ad hoc to serve the purpose of giving the semblance of a proper theoretical interpreta- 
tion. The position is exactly the opposite: what is known of the workings of the 
human brain demands that 1-R.P.’s, sp and consolidation should occur in massed 
Practice on the pursuit rotor, and our task is to use these theoretical concepts to 


their best advantage. 


THE PARTIAL FAILURE OF THE INHIBITION THEORIES 


In addition to being able to account for the phenomena discussed in the preceding 
Section, inhibition has been used to make two additional predictions, relating to 
Motivation and to personality. Kimble (1950) suggested that subjects working under 
Conditions of hich motivation should show greater reminiscence than subjects working 


Under conditions of low motivation, and his work and that of Wasserman (1951) 
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Eysenck & Maxwell (1961), Eysenck & Willett (1961). Willett & Eysenck (1962) and 
Feldman (19644) has indeed shown that this prediction is in accordance with the facts. 
Kimble's hypothesis was predicated on the assumption that /;, was, as Hull had 
postulated, a negative drive state: subjects working under a high drive (D) would be ! 
able to tolerate a high degree of Zp, and would thus be able to dissipate more In 
during rest. NE. 
Eysenck (19564) suggested that extraverted subjects should show greater rem 
scence than introverted subjects, and some twenty studies have since been carried 
out to investigate this postulated relationship between personality and reminiscence 
(Eysenck, 19626). The great majority have given positive results, although the degree 
of relationship found tended on the whole to be rather low. Eysenck derived his 
prediction from the general hypothesis that extraverts would be characterized PY 
greater inhibitory cortical potentials, introverts by greater excitatory cortica 
potentials (Eysenck, 1957). An excellent discussion ef the neurophysiology E 
inhibition is available in Diamond, Balvin & Diamond (1963), and some recent dire 
evidence on the relation between personality and inhibition is given by Savage (1964) 
ibn respect to x. E.G. patterns, Shagass & Schwartz (1963) with respect to evo" ; 
potentials, and Claridge & Herrington (1960) with respect to sedation thresholds: 
Eysenck (1963) has recently related his conception of inhibition and excitation t° a 
activity of the ascending reticular formation. 
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this second possibility was much closer to the facts; he failed to find any pre-rest 
difference in performance between his extraverted and introverted subjects. This 
finding too is incompatible with the inhibition hypothesis. 

A third prediction was made from the inhibition hypothesis by Rachman (1962), 
and here too the prediction was confirmed, but the details of the confirmation served 
to discredit the inhibition hypothesis. Rachman argued that any strong ‘alien’ 
stimulus, such as a loud buzzer, if applied shortly before the rest period on a massed- 
practice pursuit-rotor task, should have the effect of disinhibiting part of the In 
accumulated up to this point; this would improve performance and lower reminiscence. 
This lowering of reminiscence was indeed found, both by himself and by Feldman 
(19645), but the effect of the alien stimulus was not to raise performance pre-rest, but 
rather to lower it post-rest! This result, too, must therefore be counted as discon- 
firming the inhibition hypothesis. An even more crucial experiment might be one 
in which the alien stimulus was applied during the rest period, rather than during the 
pre-rest period; an experiment somewhat along these lines will be discussed in a later 
Section, 

These three experiments were performed in order to test predictions made from the 
basis of the inhibition theory, and while they verified the prediction they did so in 
& manner which in fact discredited the theory. The next experiment to be discussed 
Was performed with the express intention of testing the inhibition theory directly, 
Inhibition theory postulates depression of pre-rest performance as the crucial factor 
in reminiscence; reminiscence is due to recovery from this depression. In his experi- 
ment, Eysenck (1964a) divided 300 subjects into groups equated for initial ability 

¿On the pursuit rotor, but either showing or not showing depression of performance 

? during the last 90 sec of pre-rest practice. On the inhibition theory it would be 
expected that those subjects showing most depression of performance pre-rest (i.e. 
à depression theoretieally due to inhibition) would dissipate most Ir during rest, 
thus Showing greater reminiscence than subjects not showing any pre-rest perform- 
ance depression. Nothing of the kind was in fact found; reminiscence scores were 
completely independent of amount of pre-rest performance decrement. While this 
experiment too is not crucial, it does argue strongly against the inhibition theory. 


CONSOLIDATION THEORIES OF REMINISCENCE 


A consolidation or ‘perseveration’ theory of memory was first put forward by 
Müller & Pilzecker (1900), although not in relation to reminiscence, According to this 
theory, a neural fixation process is assumed to continue after the organism is no 
longer confronted with the set of stimuli which constitute the learning task. This 
fixation process plays a crucial part in efficient retention, according to the consolida- 
tion hypothesis, and anything that interferes with perseveration is assumed to have 
an adverse effect on the subject’s ability to transfer material acquired to the permanent 
memory store. Between the wars this theory fell into disrepute, and McGeoch & 
Ttion (1952) dismissed it as lacking ‘any great generality’ in their discussion of 
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Work on retrograde amnesia, for instance, is difficult to explain on any — 
(Russell & Nathan, 1946), although, being only clinical, it is of course not w pl es 2 a 
controlled to be convincing by itself (Coons & Miller, 1960). Experimental work ie 
electro-convulsive shock is more convincing; it has been shown, both with anes 
and with animals, that, if shock is given between learning and remembering, ae 
genuine retrograde amnesia is produced. It has further been shown that the "mu 
shock was delayed after learning the less was the resulting amnesia (Flescher, vans 
Zubin & Barrera, 1941; Williams, 1950; Duncan, 1949; Cronholm & Molander, n 9 i 
for review see Campbell, 1960). Anoxia (Hayes, 1953; Thompson & Pryer, 1956) wi 
anaesthesia (Leukel, 1957; but see Russell & Hunter, 1937) are other experimenta 
procedures which have given positive results in this conn 
stimulation of certain midbrain structures (Glickman, 
evidence for some sort of consolidation process is thus r "and 
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pre-rest practice. During this period, the control group rested, while the three 
experimental groups practised on a reversed-cue (mirror) pursuit rotor. it being 
hypothesized that this practice would interfere with consolidation. One of the experi- 
mental groups (group A) carried out this practice during the first 3 min after the 
5 min pre-rest practice; the next experimental group (group B) carried out this 
practice during the 4th to the 6th min, while the third experimental group (group C) 
carried out this practice during the 7th to the 9th min. Inhibition theory would 
Predict that all four groups would have identical reminiscence scores, 4 hr of rest 

eing quite adequate for all inhibition acquired during the 5 min of practice to 
dissipate. Consolidation theory, on the other hand, would predict most reminiscence 
for the control group, least for group A, with groups B and C intermediate. The results 
bore out the prediction derived from the consolidation theory at an acceptable level 
of statistical significance. 

Of equal interest is a set of experiments which, although not using pursuit-rotor 
Practice or even human subjects, seems to have given strong support to the con- 
Solidation theory of memory. In a series of studies McGaugh & Petrinovich (1959), 

IeGaugh, Westbrook & Thomson (1962), and Breen & MeGaugh (1961) have injected 
Stimulant drugs into rats after completion of learning periods, and tested the rats 
after the drug effects had worn off; comparison with control groups demonstrated the 

Superiority of the drug-treated groups, and the authors concluded that the experi- 

ments could best be interpreted as showing that drug administration ‘improves maze 

Performance by facilitating post-trial consolidation of the neurophysiological process 

Underlying memory’ (McGaugh et al. 1962, p. 172). Some criticisms have been made 

of this work (Thiessen, Schlesinger & Calhoun, 1961), but McGaugh & Petrinovich 

(1963) have succeeded in answering these satisfactorily; it would appear therefore 

that we must accept this evidence in favour of the consolidation hypothesis. 


A COMBINED INHIBITION-CONSOLIDATION THEORY OF REMINISCENCE 


The theory to be suggested here combines the essential features from the Kimble 
two-factor (inhibition) theory and the consolidation hypothesis. We may reconstruct 
the course of events during pursuit-rotor learning somewhat as follows. (i) During 
Dre-rest practice, Zp builds up and finally enforces LR.P.’s; the point at which 1.R.P.'s 

egin to occur depends on the drive level under which the subject is working. No 
Permanent memory traces are laid down, and hence no learning takes place. (This 
Statement may require qualification; 1.R.P.’s may provide occasions for laying down 
Permanent memory traces, but the very short periods in question are not likely to 
Influence our argument to any great extent.) LR.P.’s provide the reinforcement for 
© growth of slp, but this also, being a habit, fails to lay down permanent memory 
races, (ii) A programmed rest pause allows consolidation of the pursuit-rotor habit 
to take place, following a negatively accelerated curve of acquisition; this provides 
Miner a ett amies us al mdr. he 
consolid, ^is habit too follows a negatnvely : av ion. he 
m: i ation of Ip provides the basis for the permanent work decrement, (iii) 
rei Mption of work after the rest pause produces extinction of S5, due to x 
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tion process is the still-continuing consolidation process; as our Leonie 
Walker and Tarte has made clear, we conceive of consolidation and wo! k "a » es 
interfering processes, This interference produces post-rest downswing, whic : vds 
ceases when consolidation is complete: at this point we may then return to t ^ Hem 
upward-sloping course characteristic of massed practice without rest pause 
oo would seem to account for all the phenomena listed above (p. ES 
How does it handle the phenomena of personality and motivation? With respec ^ 
the former phenomenon, Eysenck (19645) has Suggested that the differences in = 
ditionability characteristic of extraverted and introverted subjects (Eysenck, a 
may be responsible. Introverts condition quickly and strongly, and accerdingly w1 


's this 
the detailed results given by Eysenck (19646) bears f» 
An alternative and rather implausi 
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new learning, such as tapping (Grassi, 1964), vigilance (Buckner & McGrath, 1963), 

and visual after-effects (Holland, 1963). Here there is no consolidation, but only 

Teactive inhibition. Other tasks are intermediate, such as inverted alphabet printing, 
/ or the pathways test. 
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Fig. 9, Reminiscence on tapping task in three groups of subjects (from Grassi, 1964). —, Normal; 


---, behaviour disorder; ..., brain damage. 


(2) In the Second place, we may order our tasks along a continuum according to 
the degroe to which they are likely to be influenced by the blocks which we may regard 
85 the only demonstrable evidence of reactive inhibition. Self-paced tasks, such as 
PUrsuit-rotop performance, would be at one extreme, being almost immune to the 
Stlects of inhibition, while experimenter-paced tasks, such as short-time vigilance tests 
T °Xperimenter-paced reaction time tests, would be at the other. It may be surmised 

nü Pursuit-rotor work would be relatively independent of the blocks that might 
Oceur, because performance decrements oceurring during the block could be made 
Koog by improved performance immediately after the block. It should not be 
= Possible to test this assumption experimentally. Broadbent (1953) has also com- 

ented on the fact that blocks sometimes do and sometimes do not produce work 

. im ment, and he has suggested a possible task parameter to account for these 
Weer In the vigilance tasks studied by him, the signal to be detected may be 
ented for a long or a short time; if a block occurs during the presentation of a 
ort-time Signal, this will be missed, and the block will produce a performance 
sig ment. If the block occurs during the presentation of a long-time signal, the 
Snal wil] Still be there after the block has disappeared, and will therefore be noted; 
lere will be no performance decrement. In the case of tasks such as tapping, we 
Tay Suggest a somewhat analogous mechanism: the block produces a marked slowing 
D during one of the taps, but this may be made good by a particularly quick 
ie of taps immediately following the block, made possible by the shedding of 
hu Which accompanies the involuntary rest pause or block. Thus we have 
Actual nat extraverts have many more blocks in tapping than do introverts, yet their 
Output is equal to that of the introverts (Spielmann, 1963 s Eysenck, 1964 d) 
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normal group, and for them the relative invulnerability of pursuit-rotor performance 
to drive might cease to hold true. Conditions of fatigue or drug injection may have 
effects on normal subjects which temporarily shift their performance to parts of the 
three-dimensional task model which are outside the boundaries of normal groups. 
There is some evidence that fatigue produces unusually long r.n.P.'s (Bjerner, 1949; 
Williams, Lubin & Goodnow, 1959), and, while the usual r.R.P.'s on the pursuit rotor 
may be too short to depress performance, very long LR.P.s may be impossible to 
Correct by greater effort immediately succeeding the rest pauses. All these qualifica- 
tions must be held in mind when making predictions in relation to any specific task 
for any specific population. 

It will be clear from what has been said that it is not possible to speak of a theory 
of reminiscence in any meaningful fashion; reminiscence is not a single phenomenon 
With a single explanation, but rather a broad descriptive term covering several 
different phenomena. Pursuit rotor reminiscence, in terms of our theory, is due to 
consolidation; reminiscence in tapping, or vigilance, in terms of our theory, is due 
to the dissipation of Z p; reminiscence in rotating spiral after-effects, in terms of our 
theory, is due to the dissipation of s/ (stimulus satiation). Other tasks may combine 
these different mechanisms in varying proportions, or, as in the case of verbal learning, 
introduce other mechanisms, such as interference. Generalization across tasks is 
clearly dangerous and difficult. 


A QUANTITATIVE MODEL OF PURSUIT-ROTOR REMINISCENCE 


Several attempts have been made, notably by Kimble & Shatel (1952), to quantify 
Such concepts as J, and s; in connexion with pursuit-rotor learning, and demon- 
Strate their growth curves with changes in duration of rest and duration of pre-rest 
Practice: similarly, Eysenck & Willett (1961a) and Feldman (19644) have plotted the 
Srowth of I, as a function of drive. All this work was done with the explicit assump- 
tion that reminiscence was a function of inhibition; if it is admitted that reminiscence 
is instead a product of consolidation, then it might be thought that the curves and 
formulae hitherto used to link reminiscence and J, may now be used to give a 
Quantitative formulation of the growth and decline of the consolidation process 
Instead, (Work on gJp is not implicated in this change of theory, as it is still assumed 

at permanent work decrement is due to conditioned inhibition; provided that 
Consolidation is allowed to proceed in full, the failure of the reminiscence effect to 
reach the level of a comparable spaced practice group is an adequate measure 
of slp.) 

However, there are clearly some difficulties in the way of any simple transformation. 

Onsider Fig. 4, which shows the growth of reminiscence as a function of pre-rest 
Work period duration, for groups working under high and low drive respectively. It 
ould seem possible to regard these curves as measures of learning; longer pre-rest 
Work periods give rise to greater learning, which approaches asymptotic values 
©pendent on the drive under which the subject is working. However, as pointed out 
fore, there is also the possibility that the consolidation process is affected by drive, 
Ni the shapes of the resulting curves might be the joint effects of (a) degree of 
ng, and (b) amount of consolidation. Until this problem is resolved we cannot 
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make any straightforward identification between theoretical variables and observable 
po is one observation which points to the possible relevance of ese, x 
determining the Shape of the curve of reminiscence as a function of pre-rest pen " 
Ammons (19475), Feldman (1964a), and others, have found that this pare: n zi 
has reached a plateau, tends to decline again; thus reminiscence after 20 wes 
practice is less than after 5 min. It is possible to account for this curious er os 
the following lines. (a) Learning follows the course of a negatively accelerate E 
ponential function; i.e. most learning takes place in the first few minutes. (b) jit 
solidation, once it is started during a rest pause, continues to run its course, nee 
ceases after a definite period of time has elapsed, (c) Memory traces are availa 
for consolidation only for a limited period of time. Le 
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variable. One possibility is indicated in an early study by Eysenck (19565), who 
gave eleven 2 min practice sessions divided by 5 min intervals: as shown in Fic. 5 
the post-rest upswing and post-rest downswing phenomena are clearly seen in all byt 
the first two and possibly the last trials. On our interpretation the existence of the 
post-rest upswing demonstrates that during the preceding period enough Ij has 
developed to produce 1.R.P.'s, which in turn cause 57; to develop; it is the extinction 
dd this slr which is shown on the graph as post-rest upswing. (Adams, 1963, has 
criticised this demonstration, but Feldman, 1963, has rebutted these criticisms.) It 
woñla seem to follow from our theory that, if the practice periods were shortened 
era 1p would be prevented from building up to a sufficient level to produce 

- 5, and no 47, could develop; hence under these conditions we should have no 
post-rest upswing, but only post-rest downswing. Feldman (1964a) has reported such 
àn experiment. subjects practising for fifteen 20 sec periods, separated by 40 see rest 
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Fig. 5. Post-rest upswing and downswing phenomena. As observed during eleven 2 min 
practice sessions divided by 5 min intervals (from Eysenck, 19565). 


aes (Fig. 6). It will be seen that our prediction is verified: there is no post-rest 
Ewing on any of the trials, only post-rest downswing. These two practice periods 
is M and 20 sec respectively) thus straddle the moment when 1.R.P.’s develop, and 
Peating the experiment with various intermediate periods should disclose the precise 
on of pre-rest practice required to produce LR.P.'s, and consequently post-rest, 
PSwing, 1t may be added, parenthetically, that in Fig. 6 both high-drive and low- 
ic groups fail to develop post-rest upswing; it follows from Iur general set of 
Oii that with increase in the length of the pre-rest practice period the low- 
Bee group should show post-rest upswing earlier than the high-drive group. Pre. 
rom Laon of 90 sec would seem to be just on the borderline; Fig. 7 is reproduced 
e: Star (1957), and shows results from sixteen 90 sec work periods separated by 
n rest periods. It will be seen that post-rest upswing is present but ina very 
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eT m about 

dimentary form only. The subjects were students, so that nothing is v e € 
their level of motivation; it would seem that this experiment could with ppp ae 
be repeated on groups working under known conditions of high and low moti 
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Similarly, our discussion of personality correlates of reminiscence must remain specu- 
lative until there is a greater amount of agreement on the basic and most funda- 
mental concepts and laws in that field. In other words, any theory of reminiscence 
will be limited by the failure of associated fields in psychology to put their own house 
in order. ` 

Within the theory itself, the most obvious drawback is the lack of clear quantifica- 
tion of hypothesized variables. Kimble’s and Ammons’s two-factor theories held out 
a promise of quantification of Ip and s/p, but this promise was clearly premature. 
The greater complication attending greater sophistication in theory makes observable 
phenomena less likely to serve directly as measures of underlying theoretical concepts. 
This situation has led some observers, such as Adams (1963), to suggest giving up 
theory altogether and relying entirely on inductive studies. This would seem to be 
a counsel of despair; good theories are the end result of a long process of refinement 
of bad theories progressively improved through checking and testing of deductions, 
and the belief that good theories will materialize suddenly if only enough inductive 
work not guided by any theory is carried out seems to lack support in the history of 
science, 

À third difficulty lies in the task-specific nature of many of the concepts involved. 
Tf this suggestion of a close relation between type of task and implication of inhibition 
and/or consolidation be accepted, and if we agree additionally that this relation itself 
is modified according to the type of person tested, his drive and fatigue state, and 
any chemical (drug) influence to which he may have been subjected, then it will be 
clear that any truly quantitative statement of a proper theory of reminiscence is still 
very much in the future. However, these are difñculties implicit in the subject- 
Matter of psychology, and cannot be shirked or avoided. They may serve to explain 
the occasional failure of one experimenter to confirm results reported by another; 
While such variables as size of target, speed of rotation and stance of subject can be 
controlled (but frequently are not), such variables as the drive or personality of the 
subject are hardly ever stated by the original experimenter, and would in any case 

e extremely difficult to measure or control. . 

In spite of these admitted difficulties, the theory here presented may be useful in 
Suggesting fruitful ways of designing future experiments in this field, of testing the 
Various intertwined strands of the hypotheses involved, and in making clear the 
*normous complexity of what at first seemed a simple and clear-cut phenomenon. 


The writer is indebted to D.S.I.R. for financial support of the research work on which this 
Soretical generalization is based. 
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EFFECTS OF AGE ON SHORT-TERM STORAGE AND 
SERIAL ROTE LEARNING 


Bv JAMES INGLIS Ax» MARY N. ANKUS 


Queen’s University, Kingston, Ontario 


Previous studies havo shown that, as age advances, there is a progressive decrease in the ability 
to respond sequentially to simultaneous stimuli. It has been suggested that this impairment 
With age is due to a decline in the efficiency of some short-term storage process. In those studies, 
however, the relation of this process to performance on other learning tasks had not been traced 
in normal subjects, nor have the possible effects of changes in sensory acuity, perception or 
attention been adequately controlled. 

This paper describes the results obtained from 120 normal subjects aged from 1] to 70 yr in their 
reproduction of dichotic digits (a) when the order of recall is left to the free choice of the subject, 
(b) when the order of recall has been specified before, and (c) after these digits have been de- 
livered. Tho correlation of performance on this task with performance on serial learning is also 
described. 

Tho results obtained confirm the view that it is a change in some short-term storage process 
rather than in any perceptual function which principally affects performance in this kind of 
experimental situation, Evidence was also obtained that short-term storage is an important, 


but not a unique component, of longer term learning. 


Broadbent (1958) has suggested that the ability successively to reproduce a series 
of digits when this has been presented as two simultaneous half-sets to each ear, 
depends upon some short-term storage mechanism. Thus, in one experiment Broad- 
bent (1957) showed that when digit-span stimuli were relayed at a speed of 2 per sec 
through headphones, one half of the span to one ear and, simultaneously, the other 
half of the span to the other ear, subjects tested under these conditions could re- 
Produce the digits sequentially. Furthermore, in such reproduction, elements from 
One half of the span were rarely alternated with elements from the other half. The 
first half-set recalled, however, commonly contained fewer errors than the second 
half, producing a kind of serial-order effect. Broadbent has suggested two kinds of 
Mechanism which may underlie such performance on this modified digit-span test: 

St, a *p-system" which can only pass information successively; secondly, an ‘s- 
System’ which can store excess information arriving, for example, when the p- 
Mechanism is already fully occupied in transmitting information from another 
channel. In each case the half-set of digits recalled first passes directly through the 
P-system while the half-set recalled second spends some time in storage. 

here is a growing body of evidence that human memory may depend, in part at 
east, upon the efficiency of this short-term storage stage of the learning process, 
nglis (1960), for example, has suggested that the defect of acquisition which has been 
Ound in elderly psychiatric patients suffering from memory disorder might be 
pos upon a breakdown of this kind of storage mechanism. Such patients should 

*?refore show disturbance of recall in those half-sets of digits reproduced second in 

© dichotic stimulation situation, relative to the performance of a matched group of 
Patients without memory disorder. This expectation has been confirmed by Inglis & 
v. derson (1961) for the case in which the two channels for simultaneous stimulation 

cre the two ears, Caird & Inglis (1961) have confirmed these results and extended 
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them to the case in which the ear and eye were together presented with differ 
digits. . o l "m 

Tugdis (1962a) has also pointed out that since increasing age also seems ases 
Jasmino capacity, and as such impairment may also depend on changes in shor ind 
storage, it might be that responses to dichotic stimulation would vary with p ient 
aceon. If age primarily affects storage then the reproduction of the first me 
recalled should not be affected by advancing years. If the second half-set a * 
must pass through the storage process then the recall of these digits shou 
affected by age. 

This expectation has been confirmed i 


is & 
n two studies. In the first of these Inglis 4 
Caird (1963) examined the ch 


anges in sequential responses to simultaneous p 
tion in 120 subjects between the ages of 11 and 70 yr. In the second study; "i 
Mackay & Inglis (1963), the responses of 160 subjects between the ages of 11 a 

90 yr were examined. The results of these two experiment 
subjects by different experimenters, p 
increases there is little or no significan 
spans reproduced first. Progressively 


s, carried out on differen’ 
roved to be in very close agreement. AS ko 
t impairment in the ability to recall the p 
and significantly greater difficulty is, on en 
n of the second half-spans as age advance 


n 
be recalled the greater the difference betwee 
the first and second half-spans. 


In young patients, before and after dominant tem 
temporal lobe epilepsy, Kimura (196 
presented digits. She maintained th 
brain damage to be u 
(19625), however, th 


poral lobectomy for the relief of 
la, b) found defects in the recall of ione i 
at her results show the principal effects of 3 is 
erceptual functions. It has been argued by m 
not incompatible with the notion that aero 
ief result of dominant temporal-lobe dyeianct 
i "eyer & Yates (1955), Milner (1958) and Meyer jf 
that damage in this brain are» ; age of other kinds of auditory samen 
learning. Kimura (1962) has pot 
resented an analysis of her data in a form W ae 
relative importance of the order-accuracy of p 
"tain whether or not mer 
imilar to that shown in the senile and 


g 


m. WU 


n a P 
' contralateral to brain injury, a 
is principal ly affected in each ou 
and advocated by Inglis (19620) ir 
ence found in res i a 
between left-sided (dominant) nd In response to dichotic s 


; . and right-sided non-domi al lobe pat 
is due Principally, if not entirely, to the (non ominant) tempora » 
Second half-span j 


from Broadbent (1958) 
predict that the main significant differ 


view. In one 
tended to repr ial fi i 

rom t] 1 
the left, and that this iori a e 
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report. Results from the experiments to be described below, however, cast some 
doubt upon the generality of these findings. 

Evidence on the effect of maturation in childhood on successive responding to 
Simultaneous stimulation has also been provided by Kimura (1963). Again she has 
Shown in 145 normal children between the ages of + and 9 yr that the digits arriving 
at the right ear are more accurately reported than digits arriving at the left; this she 
Interprets as meaning that those digits arriving at the ear opposite the dominant 
hemisphere are more efficiently recognized. Since no analysis is made, however, of 
order of report in this study either, the possibility remains that the right ear pro- 
duced the more accurate report because the material delivered there was repro- 
duced first in sequence and hence was subject to less storage decay. 

It is certainly the case that students of M. S. Rabinovitch of McGill University 
have shown that children with learning defects (Witelson, 1962) but not simply with 
emotional disturbances (Litvack, 1963) also show a defect in reporting dichotic digits. 
Following Kimura and Bryden, however, emphasis was placed in these studies upon 
the total score achieved by the subjects rather than upon the possibility ofan increased 
order-effect of the kind which would be expected to result from a storage defect. This 
leq Witelson (1962), for example, to conclude that children with learning problems 
re handicapped by a defect of auditory perception. It might, however, seem more 
reasonable to expect them to show an impairment of auditory storage. It would 
Certainly seem worthwhile to examine this possibility. 

It has been pointed out by Kimura (1962) that it is not, of course, incumbent on 
those who use Broadbent’s technique also to employ his theoretical model. This 
argument would be the more persuasive if a powerful alternative model were at the 
Same time offered. It seems, however, that Broadbent's original hypothesis concer- 
ning storage can better comprehend the results of dichotic listening studies in cases of 

oth generalized and specific learning defect and also generate more new and testable 
9Xpectations than any hypothesis yet put forward to account for these phenomena in 
terms of perceptual processes. The investigations to be reported in this paper were 
designed with the intention of further exploring Broadbent's model in relation to 
Changes in short-term storage with age. . 

Previous studies reported by Inglis & Caird (1963) and by Mackay & Inglis (1963) 
on the effects of age on sequential responses to simultaneous stimulation failed to 
take into account a number of important considerations. In the first place the sub- 
A tested in these studies were not given any other kind of learning test. Pay the 

nelusi uS de. ou . j exion between the age- 
related res ee te me d oer mma wb doncc learnin capacity 

in dichotic digit recall and other forr g A 
rome, 1959) is based only on inference and not on direct demonstration. 

n the second place these studies did not ensure any systematic control over the 
“Hects of the ear to which responses were made, but analysed results only in terms of 
rd tesponse, ignoring the laterality effects which Bryden (1963) found to be 

ance in young normal subjects. . . 

n the third pl it could be maintained that the impairment shown by elderly 
Sub; j place, i A À ; 

J€cts in the recall of dichotic digits might be due to a failure to hear, or at least to 
Ste to attend to or to perceive the second half-spans on ia they showed most 

Of report, If this were the case it would support Kimura's interpretation that 


12 3 
2 Gen. Psych. 56, 2 & 3 
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i n ion rather 
defects of performance on this task reflect mainly upon accuracy of perception ra 
than upon adequacy of Storage. 


i i i i : vith 
The present study comprises three main sections which were designed to deal v 
these considerations, 


20 persons between 11 and 70 years of age. aone pi 
gross mental or physical handicap; none had a 
part in any previous studies. There were 20 people in each decade group: 10 male and 10 oo of 
They were taken at random (but not, Strictly speaking, ‘randomly `) from the populatior 
Kingston, a city in Ontario of about 50,000 inhabitants. 


Procedure 


58 
“Span forward test described by Wochsler (1955) 
ipation rote learning test of the kind used b Twelve 
n the rote learning task Was obtained as follows. T lists 
nonsense syllables of 80% association v, (e.g. TAS, DIT, PEL) wero taken from the nter 
provided by Hilgard (1951) and printed i on separate cards. Tho yn 
exposed the syllables one by one at a rat 
the first complete presentation the subj 
Syllable, correcting hims i Sa 
The score obtained was th pations on the eleventh trial. If a wer 
fore the eleventh presentation ho was £ 


Channel 1 Channel 2 


Channel 1 Channel 2 
Practice series T'est series 
cu — 5638 2941 
5 y 9754 8362 
6542 7918 
Test series 9356 4271 
B ál 
: > 81342 96571 
n 1 74682 31579 
8 - 57841 29356 
x 38671 15439 
2 i 251364 746982 
15 a 984375 753162 
65 28 451328 238691 
sie 54 438695 965127 
793 462 
4 $36 
584 pu 
"he apparatus used to eet 
4 present the binaura] Sti Z E den. Ds "i 
Sets of digits were recorded on two channel heus: "re arida eee 


an 
A d. There were four of each length of sP 
-Bits per half-span, making 24 Spans in al] for each condition. t 
llowing parts. bie? 
ibed above, Jo spoken 
a i a number. Tell me what you hear.’ T. me P" d 
" on c lannel 1. If the subject reproduced this correctly, the $8 ye th 
or the digit 7 on channe he subject failed to respond or 8% 


“T= 


EIS 


Age and short-term storage and serial rote learning 187 


Wrong numbor the stimulus was repeated and, if necessary, the volume increased until the 
Correct response was made. Secondly, the subject was told, ‘Now you are going to hear two 
numbers together, one in the right ear and one in the left ear. You will hear them both at the 
Same time. Tell me what you hear.’ The two channels then played the spoken digits 3 and 7. If 
the subject reproduced the correct digits (in either order 3-7 or 7-3) the experimenter went on to 
the test Series; if not this item was repeated until both numbers were correctly reproduced. The 
foregoing provided a practice series which served to get subjects used to the experimental 
Situation. Thirdly each sub ject was told, ‘Now you are going to hear n numbers, n /2 in each ear’ 
(Where » Was 2, 4, 6, 8, 10, or 12). * Tell me what numbers you hear.’ 

"Sponses were scored as follows: tho first digit repeated determined in each case which 
channel was taken to be tho half-span recalled first. The score obtained was the average number 
°F correct responses for cach half-set of digits, taking each digit’s position in the series into 
account, 1f, as sometimes happened, the first digit recalled was not in fact the first term of either 

'alf-soriog then this sequence was regarded as ‘spoiled’ and excluded from the scoring calcula- 
tions. This proceduro was used in order to provide a further repetition of the experiments carried 
Out on similar groups by Inglis & Caird (1963) and Mackay & Inglis (1963). ; 

5; P» can be seen that no control was exercised by these instructions over the laterality of the 
er of recall, , - 

(ii) Recall order specified before delivery of digits. This will be labelled the * B condition and half 
of tho Subjects wore given the test material under this condition directly after the ‘F condition, 
dun. ee subjects wore tested in this way after they had also experienced the ‘A’ condition 

ned below, i ; 

1° Sido to be recalled first was indicated by means of a signal panel set in front of the subject 
Simply bearing the printed words ‘right’ and ‘left’; a red light was switched on above the 
qPPropriato Word by tho oxperimenter, in this case immediately before e each span of the dichotic 

Bits wag delivered. The experimenter gave each subject the following instructions. Now we 
Will go through the nam yoceture again but this time before you hear thes uad I will signal 
in Which ear order you rs to tell tmo ihe, numbers. For example, if I signal "rie : Ek ns - 

j ^ n rig] e 
EE tiie al = 

0 this series ee htc of each length of span. The subject was eo ris 

iya AT first on half the oceasions and the right ear on the othor occasions o t e delivery > a 
E vei len of span. The right and left signals within each test series were given Hcreudom order. 

ug thoro Xi fous of Mia length of span from 1 to 6 digits per Balspan, making ae P DRDS M, 
E Which required recall from the left ear first (B-L) and 24 spans which required the right ear to 

9 recalled first (B-R) 

n wg ini i reviously been employed by Broadbent (1957). 
was used a Cate d Se ae tho fakon that the changes |i A which 

Gi i f i z mi r example, to an age-related hearing 
loss eons pec Sb6yA fow uis tek ones A ao that = people grow older they tend 
tos ne ear ag compared to the other. If i ae nt deficit in the ear recalled 
os d Such a differential loss in auditory acuity then mg oraret ea statin pone ad 
If, hoy under Conditions of free response might be adn ‘regardless of ear-specification then 

à 7, an increased order effect were to app 


this IN 
ii) Reset ME i ‘A? condition: half of 
(ii) T toa not be d of digits. This will be labelled ~ iem m aa 
ts Subjects Gar, tria pen material under this condition dent E = : liy ere 
STemainine | Sven thate d in this way after they had experienced firs 
the ‘p, Ng subjects were tested in 


condition defined above. 2 f the light signals, in this case 
The gs on defined al n ified by means of the lig! g a 
i side 3 ain specifie i h subject the 
mediately pl. E digits. ih delivered. The SR E AE i ae 
lowing Re ee dic Due ae ill go through the same procedure aga 
iat DSÜruetions, ‘Now wo wil g 


u yo al in i " Ori y to tell me the 
i i which ear order you d 
ny mh, are u hear the numbers I A R l oe D ardt th 


= What E oe i ae f T signal “right” tell me first tho numbers you heard in 
Our ri "d in your un 
Sht ear,’ i i 
Ther Y The right and left signals also appeared an 
© wer : h length of span. "n 
equal 9 again 8 sets of eac! ro, therefore 24 spans requiring recall from th 
logy : number of times in random order. There were, the p q 8 e 


T first (A—L) and 24 requiring recall from the right ear first (A-R). 
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zed in the 
This method had also previously been used by Broadbent (1957). It = schede 
present experiment to control for the possible effects of differences in att: e de iiit 
argued, for example, that previous findings were due to the fact that as peop P Ere mi. feel 
will only pay attention to the material coming into one ear in a dichotic digit ig a eea pes 
be seen that the * B? condition does not provide any control over this possibility. es n ut nd. 
subjects only know after the digits have been delivered which side they have zo re RP eno 
further, if they only attend to ono side, then the ear order effect should vanish, or : 


s n id most 
greatly diminished since they cannot know beforehand to which car they should have paid 
attention. 


RESULTS AND DISCUSSION 
The results of this investigation may 


" " ENS der 
again be most conveniently considered un 
three heads, as follows: 


(i) Free recall and rote learning 

The differences between the mear 
performance, serial rote learning 
under the free recall condition of d 
of variance (Edwards, 1960) as shown in Table 2. 

The results for the various digit span tests are in close 
(Inglis & Caird, 1963; Mackay & Inglis, 1963 
shows no significant chan 
half-set recalled in the 
there is only 


a - dioit-span 
ns of the six age groups for orthodox na i 
; reprodu 
and for the first and second half-sets se ier 
ichotic stimulation were assessed by trend analy 


accord with previous epe 
). The orthodox digit span forward p " 
ge with age. There is only one case in six in which the vs 
dichotic condition shows any change with age. Converse ed 
one case in six in which the second half-span fails to show a significa 


m > is -ocaill © 
association with age. The trend analyses thus indicate that the accuracy of reca 
the second half-sets decreases wi 


m 
th age in accordance with expectation and previo" 
findings. 
These results very clearly demonstr 
digit half-spans of different lengths, 


pairment in ability to recall the first 
Shown, however, in 


: jc 
ate the effects of increasing age on the ep 
As age increases there is little significant : is 
half-spans, Progressively greater difficulty 
the reproduction of i 
longer the span to be recalled the 
half-spans, 

On the basis of these dat, 
finding that the right e 
free recall. For each d 
this gives a possible to 
totals less than this 
proportions of choice OUpS is shown in Tal le & t 

The right-left differ i rou oisi: |a sign t 
described b Siegel (195 hi Pasar. Sean : ignif 

Y Siegel (1956). 


š re 
they are not, in fact. Very systematic as between groups. The right ear is chose? at 
"€ as the ear to be first recalled by the 11-90 &nd the d 1-70; the left jl 
18 chosen by the 21-30°s and the 51-60’s, Th eae : feb” oy 

) £ * e ber ft-he d people 
of a total of i20 number of left-handed peop 
these finding 


1 a petha 
) in any decade group was Very small, which makes it unlikely pe 
s are due to any ; 
groups. These results, then, 
producing impairment of r 


the second half-spans. ie ane 
Steater the difference between the first and se 


63) 
à an attempt was made ne 


to evaluate Bryden’s | ns 0 
itio 
as the first ear under conditi : 


difference 


already sugg 
ecall. 


F ; zeen ^, 
es, Say, in cerebral dominance betw alit 718 
est that order is more crucial than later? 
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The results for the rote learning test are shown graphically in Fig. 1. The age 
decrement for this test is sharper than it was in Bromley's (1958) study, but this may 
be due to the fact that he only tested intellectually superior subjects. 


Table 3. Right and left responses showing ear preference under conditions of free recall 
with level of significance assessed by means of a sign test 


No. of No. of Level of 
Age groups right responses left responses significance 
11-20 249 181 « 0:001 
21-30 160 226 «0-001 
31-40 216 221 NS 
41-50 215 230 NS 
51-60 156 257 < 0-001 
61-70 246 199 0-01 
Total 1242 1354 <0-01 
12:0 
10:0 
80 j 
g 
à 6oL 
40 i 
20 


11-20 21-30 31-40 41-50 


51-60 — 61-70 
Age groups. Rote learning test 


Fig. 1. Scores on Seria] learning test. 


» ice 
Ssary to make some arbitrary cho! p 
short-term storage process ha al 


4 itay: m 
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These results show that while there is a considerable relation between the two 
measures (i.e. between group correlation of 0-89, P < 0-01) there is still an effect of 
age on rote learning after the influence of short-term storage has been partialled out. 
This may be interpreted to mean that the impairment of short-term storage with age 
1s an important but not unique component of the decrease in learning capacity 
associated with advancing years. 


Table 4, Analysis of covariance on a supplementary variable (X) and a dependent 
variable (Y) where X represents short-term memory and Y serial rote learning 


Total Within Between 
Sum of products 197-31 109-19 88-12 
Sum of squares for X 118-63 105-92 12-71 
Sum of squares for Y 1863-47 1091-70 T7177 
Degrees of freedom 119 114 5 
Correlation 0-42 0-32 0-89 
Degrees of freedom 118 113 4 
Adjusted sum of squares for Y 1535-30 979-14 556-16 
Degrees of freedom 118 113 5 
Mean square — 8:66 111-23 


F = 111-23/8-66 = 12-84; p.r.5and11; P < 0-001. 


(ii) Recall order specified before delivery of digits 
. The differences between the groups on the first and second half-spans of the dichotic 
digits Were again assessed separately by means of trend analyses. It will be recalled 
that there were two subclasses in this section, B-L and B-R. The analysis of the 
rmer set of results is shown in Table 5. 

In this case the effect of age is again principally on the second half-sets although in 
the case of 2 digits per half-span the first half-set also appears to be affected by age. 
s; en Siblan of these results to those secured under conditions of free recall is 

“king, 

A Statistical analysis of the B-R condition is, on the face of it, rather less clear-cut, 
38 shown in Table 6. This shows an age-related change in four of the six first half-sets 
38 well as in five of the six second half-sets; but the order effect still exists and the 
38e-related decline is more marked in the digits recalled second. 

hen the results from the two conditions B-L and B-R are considered together 

SY refute the notion that, for example, any unilateral decrease in auditory acuity 

ould account for the appearance of the order effect noted under conditions of free 


recall, A marked age-related order effect appears which is independent of laterality. 


(iii) Recall order specified after delivery of digits 
The results of trend analyses of variance for the A—L condition are shown in 
à s le 7. There is again a striking resemblance to the results secured under conditions 
i a recall. Similar analyses of the data obtained in the A-R condition are shown 
Mgr o 8. Here again, although in five out of six cases performance on the second 
can _ varies with age, so does performance on two of the six first half-spans, Tt 
th © seen that the age-related order effect is clearly shown; the decline with age in 


€ half-sets recalled second being more profound than in the half-sets recalled first 
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F, r gest 
When the results from conditions A-L and A-R are taken together = oni 
ein ffect cannot be entirely explained by the notion that old ers er 
ud. Pepe presented to one ear. If this were the case no — 
oa p ith age would be expected to appear in conditions A-L or A-R ee aa 
beri iot. under these circumstances, anticipate which half-sets they v 
ia be required to recall first. 


; subjects this 
affected by age. Since it is the order effect which is exaggerated in older aan nn d 
finding lends support to the view that some short-term storage bin ei aay a 
by advancing years. The impairment of this system is related to, but evi 
in longer term learning. "m 
when the order of recall eap as ia 
before delivery of dichotic digits are similar ie en = pets ide o» veil 
the notion that changes in pania canit 
; for example, to some unilateral hearing 


ith 

me runs completely counter to the view that the changes gui em 

» to the fact that older individuals only attend ne 1 
aterial from a single channel under conditions of s$ 

sight 

These results give no support to Bryden’s (1963) finding that report from the m 
ear is more accurate regardless of recall order, They also cast doubt upon Kim 

(1961a, 1963) conclusion that the advantace 


" ue 
£e of right ear recall, when it occurs, i$ 
to the superiority of perception on this side, 


h 
not because it has passed. d 
erial recalled first, but because it has $ 


ay am 
more subject to both trace s y e 
response interference. Inglis (1965) has Suggested that such trace decay m 


this 
accelerated with age, and that age also increases Sensitivity to interference. O” 
view it would be anticipated that 


: ] 
greatest impairment wou” 
in the half-spans recalled second, i i f 
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MEMORY AND THOUGHT IN HUMAN 
INTELLECTUAL PERFORMANCE 


By MICHAEL I. POSNER 
Department of Psychology, University of Wisconsin* 


This paper is a review of efforts to extend the use of information techniques to tasks which are 
intellectual in nature. Complex tasks such as problem solving and concept formation are 
viewed in terms of simpler processes of information transformations and immediate memory. 
The first section of the paper considers efforts to describe the difficulty of transformations such 
as occur in arithmetic operations and concept utilization in terms of their informational para- 
meters. The second part considers the relationship of these transformations to tasks which 
requiro retention. The final section extends the analysis to the complex sequential tasks of in- 
duction, problem solving and reading. The paper as a whole may be considered as a quantitative 
extension of the view of thinking as skilled performance (Bartlett, 1958). 


I. [INTRODUCTION 


EY large number of human tasks involve the presentation of information over time. 
Psychologists have abstracted from sequential tasks two pure modes by which man 
handles a stream of incoming information (Broadbent, 1958). The first of these is 
8 relatively independent reponse to each event as, for example, in the reaction time 
€xperiment. This mode places maximal emphasis on transformation of each stimulus 
Into an appropriate response but requires little retention. The second mode requires 
the Subject to store the incoming stimuli and to reproduce them later (Posner, 1963). 

he memory span experiment represents an attempt to study this process. 

Most tasks involve a combination of these pure modes. Reading a book, listening 
9 à lecture, forming a concept or solving a problem are examples of complex tasks 
Which involve the combination of these basic modes of processing. Each of these 
asks requires the subject to take in information, to transform it in various ways by 
Means of selection, classification and combination, and to store the product of these 
Operations. Comprehension of a book or a lecture is not recall, producing the sum of 
* Set of numbers does not require remembering the components, though without 
Storage both tasks are clearly impossible. It is these serial tasks which place em- 
bhasis upon the storage of transformed information that seem to be most repre- 


Se H » 
ntative of intellectual performance. 
e 


Types of transforms 

It is useful to consider a system which recognizes three types of transformations 
jeording to their informational properties. This taxonomy is based upon the relation 
mween input and output information required for perfect performance of the task. 
Irst, information conservation tasks are those in which the subject is required to 
peer all of the input information in his response. It is these tasks which have 
Sa ed most extensively by use of information mensum Both the standard 
inge time and memory span a corse are conser Mts tasks in which any 
€ or decrease in information during transmission represents error, It is clear, 


* Now at University of Oregon, Eugene, Oregon. 
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however, that man is more than just an information transmitting channel, He can 
act as a source of new information not present in a given stimulus or he can decrease 
or condense information, not merely through the making of errors, but also through 
a recoding which is a reflection of the stimulus information in a condensed output. 
A second type of transformation involves information creation. In this situation 
output information must exceed input if the subject is to perform the task. The 
classical experiment which fits this category is word association in which a single 
stimulus leads to a train of responses which exceeds the information value of the 
input. While this type of transformation has received some attention (Morin & 
Forrin, 1963; Shepard, 1963) the quantitative 
relatively unexplored. The work 


Relation to Bartlett's theory 
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Section III the relation of such transformation processes to retention within simple 
Serial tasks is examined. A number of experiments showing the trade off between 
transformation and retention are discussed. The final section discusses the applica- 
tion of these principles to relatively complex intellectual tasks. 


II. INFORMATION REDUCTION AND THOUGHT 


Several investigators have begun to apply the mathematics of information 
Measures to predict the difficulty of operations in tasks which involve information 
reduction. Posner (1962, 19646) hypothesized that the difficulty or amount of 
mental processing required in an information reduction task is directly related to the 
amount of information reduced. It was assumed that the greater the amount of 
mental processing or thinking required by the task the more it would show a decline 
m performance with speeding. 

To test this hypothesis, a constant stimulus input consisting of eight numbers (48 

its) was presented, with the interstimulus interval varying from 4 to 1 sec. Six 

ifferent information reducing transforms were studied varying from 0 to 40-3 bits 
"eduction. These involved various combinations of relatively well-learned component 
Operations including recording, addition and classification into such categories as 

igh or low and odd or even. The results of several different experiments showed that 
the greater th e information reduced between input and output the more performance 

€clined with increasing speed. The relation between rate of decline in performance 
and information reduction was roughly linear. 


Arithmetic operations 


Two other investigations have been made applying information measures to predict 
the difficulty of arithmetic transformations. Thomas (1963) presents a constellation 
YPothesis of calculation. The general view taken by Thomas is that the time 
required for information processing is proportional to the amount of information 
Which must be processed. This is in complete accord with the assumptions involved in 
© work discussed above. Thomas attempts to predict the difficulty of addition and 
Multiplication by taking the logarithm of the sum of the values of each stimulus 
ement and the response. For example, the equivalent information processed in 
ing 543 = S is given by log (5+3+8). There is no a priori reason for this 
Particular method which is, of course, not a calculation of information in the usual 
Senge, Thomas finds that this calculation fits “a variety of simple arithmetical 
Problems which he has studied. Since the method uses the actual numerical value of 
t © digits rather than the population from which they are drawn it provides differ- 
tial prediction for many more situations than does the information reduction 
3 YPothesis, Thomas finds some subsidiary assumptions necessary in order to handle 
NUltiplication problems. Even with such additional assumptions the method is 
Pretty. well limited to basic arithmetical operations. 
legand (1963) also attempts to predict the difficulty of mathematical operations 
operant addition and multiplication. He compares single-step and multiple-step 
"i eias Wiegand's method considers separately the information in the stimulus, 
Uccessive step in the intervening operations and in the response. The basie 


ing] 
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i ; information transmitted 
assumption is that each step obeys the rr ate ven ien Ne pop 
d speed normally found in consery ation asks ; i qi Medera 
rel E between the amount of information processed and the 
rela: | 
E methods are quite similar to the information reduction rp be — 
i i ' differ in the method of quantification. This nee 
rdi diei me Aane t. of these talons are limited to pns 
like s hd idle allow specification of the Steps or stages through w vibe 
iiie pass to solve the problem. Fitts (1959) has suggested that the it un 
radi processing and, thus, performance in a serial task is a direct. pero to 
number and complexity of such steps. However. in many tasks, = er in 
specify the sequence of steps through which the subject must pass. ia ere ^ 
learning a classification it is not, at present, possible to state each ste A rami 
venes prior to the emergence of the correct response. The use of amoul bh et 
tion reduction allows the prediction of task difficulty solely as a funem a aa the 
output without the need to specify each step in the process. For this en pô 
measure is of greater generality and can be used to examine tasks which ss wi 
quite different. Presumably the utility of this method rests on the fact th: 


ut. 
: tig i 1 outp 
rocessing which intervenes between input anc e" 
. " : SS 
and other tasks for which it is presently Lee 
PHA : y se dis 
s, additional methods of analysis such as those ¢ 


o 
J aize in tams 
supplements to the use of transformation size in 
amount of information reduction. 


y simple arithmetical operations E atio? 
action of the type of pep ue 
e of amount of information d ex 
y valuable because it has a hav? 
Posner, 1962, 1964a, b). Elsewhere a 
he learning of classification rules A dic” 
utilization after extensive learning (Posner, 1964b). The results of this review 12 e 
that there are two basi i 


ant in sequential tasks, The us 


Sl 

' example, if a, subject is asked to y of 
e may be completely ignored. This © inp , 
d type requires every aspect of ae for?" 
in the response, but in a condenseC ^ of 


During the learning of a classification rul 
directly related to the length of 
tion tasks. This generalization applies to 
Bourne & Brown, 1955; Metzger, 1958) 
relevant dimensions, This is true both 


E 
e the amount of information meum. ons” 
ed to learn for both gating and cero 

multivariate concept learning ( abe @ 
in which the concept is defined by a nU" ob 


ed m 
when the number of responses allowe 


time requir 
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the number of relevant stimulus levels so that the task only involves gating (Archer 

€ al., 1955; Battig & Bourne, 1961) and when the information is distributed across 

dimensions so that condensation is required (Shepard, Hovland & Jenkins, 1961). In 
H Most cases the relationship between amount of reduction and performance is 
linear. 

The same general conclusion has also been found to apply using univariate stimuli 
in which the classification must be learned by rote (Metzger, 1958; Posner, 1964a). 
In one study (Posner, 1964«a) the stimuli consisted of patterns of dots for which 
Subjects learned to give pairs of related patterns the same name in a rote transfer 
design, The rate at which an original pattern could be related to each of its distortions 
N à concept assigned a single name was an inverse linear function of the amount of 
Uncertainty between the two patterns. The uncertainty in this situation is calculated 
from the statistical rule which produces the distortions from the original pattern. 
Just as in the multivariate case the greater the amount of information encompassed 

Y 2 common category the greater the time to learn the category. The reason for this 
Correspondence between experiments in multivariate concept learning and this study 
of rote classification learning seems to lie in the close relation between perceived 
Similarity and the amount of uncertainty between patterns. Posner (1964a) has 
shown that subjective similarity may be predicted with considerable accuracy from 
the uncertainty between an original pattern and its distortions. Thus similarity in 
univariate classification learning can be reduced to the same measure, amount of 
information, as has been used in the study of multivariate concept learning. When 
this is done the commonality between these experiments becomes apparent. 


Utilization of concepts 
Studies of the speed of classification of stimuli once the rule is already relatively 
Vell learned continue to show that the difficulty of condensation tasks is directly 
related to the amount of information reduced by the classification (Crossman, 1953; 
ierce & Karlin 1957; Pollack, 1963). The studies of arithmetic combination and 
classification already discussed show this relationship. However, gating tasks do not 
always increase in difficulty with the amount of information reduced once the rule 
Soverning the classification is well learned. For example, Archer ( 1954) showed that 
Nereasing the number of irrelevant dimensions does not vary significantly the speed 
9f classification. In this situation the exact finding seems to depend on the degree 
of distinctiveness between the irrelevant and relevant information. If the material is 
Well coded, gating information by use of a well learned rule does not seem to increase 
le task difficulty. . . . ] s 
ummary. It is possible to predict the difficulty of many tr mue mations from a 
“Nowledge of the informational properties of the task. A number of systems for 
oing this are available each having certain advantages and limitations. Perhaps the 
Most general method uses as a measure the amount of information reduced in pro- 
ducing the required output. This measure does not require specification of the steps in 
Mriving at the results. If this measure is used, the amount of information reduction 
is linearly related to task difficulty in a large number of tasks involving learning and 
utilization of classifications and simple arithmetic combinations. The ability to 
escribe the difficulty of such transforms allows one to deal with the transformational 
13 
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or thinking aspects of many complex sequential tasks. Before turning to n 
complex tasks, it will first be necessary to discuss the interrelations between suc 
transforms and the storage or retention function. 


II. Memory AND THOUGHT 

Few experiments, even among those normally called ‘memory tasks’, find ah 
human subject operating in the pure retention mode. Rather the subject uses his 
past experience and his knowledge about the type of response he will have to make m 
order to reduce his storage load. Usually if the experimenter is interested primarily 
in the pure retention mode he does everything possible to avoid this. Thus he uses 
ordered recall which forces the subject to conserve the input information, uses 
difficult to organize strings of unrelated items, presents different material to severo 
sensory channels simultaneously, or attempts to block the central processing mne 
of the subject with other tasks, Ordered recall represents the pure retention end 0 
2 memorial dimension. This dimension reflects the degree to which stimulus informa- 
tion must be conserved in the response. As one moves away from ordered recall the 
subject is allowed to represent rather than reproduce the input in the output. Be- 


B. d K is 
cause of this it should be expected that such tasks would show increased emphas! 
upon transformations of various sorts, 


Free recall and recognition 


That this is the case is illustrated by the free recall task where the subject i$ 2 
required to preserve order information. 


nce exists that subjects encode only ® p in 
derson & Leonard (1958) have show! y- 
t statistica] rules which introduce f. y 


istinctiveness of features W^. 
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the similarity of items on the recognition list to the one in store decreases perfor- 
mance. Presumably this is because the effectiveness of selection of relevant charac- 
teristics from the stimulus is reduced. 


Interaction of transforms and retention 


Both free recall and recognition studies illustrate that the degree of information 
Conservation required by a memory task affects the form and character of the output. 

hile those tasks which require information conservation are less susceptible to 
Complex encoding strategies than those which, like free recall and recognition 
Memory, allow the opportunity for such transforms, even in the memory span type of 
€xperimental situation transformation may play an important role in retention. 
Miller (1956) cites a study in which a single subject learned to recode binary numbers 
Into octal digits and was, therefore, able to increase his retention from 12 to 40 
digits. This demonstration requires a large amount of prior learning and, while 
Miller dia not attempt to study this, must require a relatively slow rate of presenta- 
tion since the subject must continuously perform the transform. That is, the process of 
transforming information from one coding system to another is a process which 
requires time, While pure retention shows a slight increase in efficiency as materials 
are presented at increasing rates (Conrad & Hille, 1958), at least within the range of 
Casy perception, the transformation processes will show large decreases. Thus a 
transform which may be efficient in reducing the storage load is paid for by imposing 
a limitation upon the rate at which a subject can perform the overall task. 

A recent study illustrates this trade off between the retention and transformation 
Components of sequential tasks (Posner, 1964c). In this study subjects were pre- 
Sented with 8 digits at interstimulus intervals of either 2 or } digits per sec. Two tasks 
Were used; recall of the digits in the order presented or recall of the last four followed 
bý the first four. It was found that this simple information conserving transforma- 
tion of input order greatly improved performance when the rate of presentation was 
slow, but had no effect at the fast rate. Even this simple transform on order could 
C aprove performance provided the input information was sufficiently slow so that the 
transform itself did not interfere with the retention of items already in store. 

hat then are the effects of transformations of a more complex nature such as the 
Combinations and classifications which might be imposed in problem solving or 
reading? Tn the material discussed so far emphasis has been placed on the fact that 
MR Memory load could be reduced in tasks which allow a subject to store information 
m coded form. However, the act of transformation may itself have systematic 
ects upon material in store when the transform occurs. To begin to uncover these 
z ationships we undertook a series of studies (Posner & Rossman, 1964) of relatively 
‘ple tasks which involved a combination of retention and information reducing 
"Ansformations. The results revealed some of the pce interrelations between 

Sse two pr + of intellectual performance. 

In Bof o ide pier presented with eight random digits at a rate of 
< Sec per digit. There were four groups of subjects each assigned to a given type of 
formation transformation task. The tasks were as follows. (i) Reversal, in which the 
ibjcet recorded each transformed pair in the reverse order. (ii) Addition, in which 

? subject added the digits of each transformed pair. (iii) Two bit classification, 

13-2 
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in which the subject classified each pair into high-odd, low-odd, ete. (iv) canine 
classification, in which high and odd or low and even comprised one Vidi um 
the reverse the other category. These tasks were 0, 2-8, 4-6 and 5:6 bits - ine 
respectively. Within each transform group, subjects were required to riage et 
last pair only, last two pair and last three pair in various series. After the c = E 
tion they attempted to recall all of the numbers in the order presented. Only os 
first pair of digits which was never itself transformed was scored. The results w = 
scored in terms of the average increase in recall errors per transform. This score T 3 
6, 14-8, 23-5 and 32 for the 0, 2-8, 4-6 and 5-6 reduction tasks respectively. Thus t à 
amount of foregetting caused by a transformation inereased with the size or difficult) 
of the transform. This relationship is shown in Fig. 1. 
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E < a J 5 Were required to perform transfo 
various sizes for a fixed period of time (10 sec) after a, burst of material which W@ 
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ries to be retained ine 
most difficult reduction task, 


and transform difficulty was i 
a family of diverging curves wi reasing as time in store was change? 4» 
0 to 30 see and with the rate of inerease governed by the difficult sie transi? for 
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getting after 5 sec was greater than for a recording task (0 bit reduction) after 30° 
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in store. Thus the effect of time in store depends on the difficulty of the task which is 
being interpolated. 

These data fit rather well with a functional model of human processing in which 
the subject has a limited central capacity for processing information (Broadbent, 
1958). Many studies have shown that retention in short-term memory depends upon 
& rehearsal process. Apparently this rehearsal process requires a portion of the 
Central capacity, at least for digits, letters and similar materials. The portion of that 
Capacity used in a transformation of incoming material is no longer available for 
rehearsal and retention of prior information. The extent to which an interpolated 
task requires such capacity is a function of its difficulty which can, at least for these 
tasks, be measured by the amount of information reduction required by the trans- 
form. To speak more simply the rate of forgetting depends not so much on what 


Material occurs after an item but on how much processing the subject must do with 
that material, 


The overall results of these experiments are important because they indicate the 
timate relationship between thought and memory. While transformations of 
material occur in almost all memory tasks and are necessary because they reduce the 
Amount of information that must be stored, the act of transformation causes a loss of 
Material in short-term store when the transform occurs. The amount of the loss is 
Yelatoq to the size or difficulty of the transform. It should be no surprise, therefore, 
A lat recent studies of concept learning (Cahill & Hovland, 1960; Hunt, 1962) and of 
Seria] reasoning problems (Simon & Kotovsky, 1963), have placed increasing em- 
Phasis on the importance of retention in the task. 

Summary. So far we have reviewed evidence attempting to show the following: 
ust, that a variety of transformations can be described in terms of their informa- 
onal Properties so that an a priori task difficulty can be specified. Secondly, that 
ag transformations are related to closed system thinking (Bartlett, 1958) and thus 
aa ars ni benoit cenit thc 
ite à essing required by 1e as E, "nid i bou aii A dum 
Nie ‘Ye both retention and informational t ansformations (though 4 mas 

fee Finally, that the performance of a transform has systematic effects upon 

erial in store at the time of the transform. 


in 


` 


IV. APPLICATION TO COMPLEX TASKS 


r 
th The study of the pure processing modes of retention and transformation provides 
asic materials which may allow analysis of very complex intellectual activities 
ore akin to the adventurous and scientific thought about which Bartlett (1958) 
a" a number of interesting suggestions. In the balance of this paper an effort is 
È v to analyse some basic questions vithin the general areas of induction, pr oblem 
Ng and reading in terms of information reducing transformations and immediate 
mory, = 
Induction 


m discussing the boundary between closed and open system thought Bartlett 
(9) suggests a type of problem in which ‘at every decision we make, with every 


to, 
Nse i ; — s ; 
Went move,.., fresh information, or more evidence is made available, and 
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although descriptively this is just the same as it would have been if we had made à 
different decision, its significance relative to the objective is very closely dependent 
upon the moves and the extent of the moves, that we have already made' (p. 100). 
The systematic and quantitative study of such a situation has recently had con- 
siderable emphasis in the area of decision making (Edwards, 1962). In this expert- 
mental situation subjects are required to select one of à number of alternative states 
of nature as being correct or most likely on the basis of information arriving 5°- 
quentially from the environment. This paradigm is one which closely simulates that 
aspect of thinking which has been called induction. Since the subject must use each 
piece of evidence to provide information on the correct hypothesis, it clearly fits the 
description which Bartlett Suggests above, This task still lies within the closed syste™» 
however, because it concerns selection among already formulated hypotheses rather 
than the actual formulation of the hypotheses themselves which would more closely 
fit the creation model. : 
This section will try to show that the induction task can be described as one 1? 
which a subject is required to make Successive informational transformations aS the 
result of incoming events, It will be shown that the size of such transformations as 
measured by the average amount of information reduced is inversely related to e 
efficiengy of hum a performance in the task. Thus, induction can be viewed in ene 
of transformations on stimulus input and such à view not only demonstrates t 5 
commonality between this task and other intellectual performance but leads 
predictions which are confirmed by experiment. 


Semantic information, Bar-Hillel & Carnap ( 
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0-4 red and 0-6 blue. The subject is also given an a priori probability that each bag is 
being used on a particular problem as, for example, the two bags may be equally 
Probable at the start. The problem consists of a series of draws from one of the two 
bags with the subject rating the probability of each bag being in use after each draw. 
The general conclusion from these investigations is that humans find it difficult to 
extract as much information from each event as could be extracted by use of Bayes's 
Theorem. This results in subjects consistently underrating the probability of the most 
likely bag. For example, in one sequence when the probability caleulated by the 
Statistical rule is 0-97, the subjects’ ratings lie between 0-55 to 0-85. This finding of 
Conservatism appeared in all the studies which required subjects to rate probability. 
In their most recent study, however, Edwards & Kramer (1964) have found a new 
and, from our point of view, basic phenomenon. In this situation subjects were 
allowed to buy information before reaching a decision which could bring varying 
amounts of payoff. In the two different sets of problems the events were drawn from 
® Population in which their probabilities were either 0-7 to 0-3 or 0-6 to 0-4. When the 
Performance of subjects in these two conditions is compared with that of a statistical 
ecision maker obeying Bayes’s Theorem and terminating at a point which maxi- 
Mizes expected payoff, it is found that in accordance with previous work on prob- 
ability ratings subjects in the 0-7 to 0-3 condition required too much information 
efore terminating. Those in the 0-6 to 0-4 condition, however, terminate more rapidly 
than the standard. Thus for the first time in Edwards’s work there appears a condi- 
ton in which the humans tend to reach a conclusion too quickly and, therefore, are 
Rot conservative. We will postpone the discussion of this finding until after a brief 
Consideration of some other work with closely related results. 


Table l. Illustrative induction problem: numbers directly under hypotheses are the 
V priori Probabilities of the hypotheses ; numbers under the events are the probabilities of 


* events given each of the hypotheses 


Hypotheses 
1 2 x 
(0-4) (0-1) (0:5) 
Events 
A B c * B [e] A B Cc 
(03) (0.3) (04) (03) (07) | (01) (06) — (03) (01) 


NU to this last study by Edwards & Kramer (1964), Wallsten (1964) and I began 
Study the induction question. Our notion was to view induction like other infor- 
ton reducing tasks but as one in which the subject uses incoming information to 
Uce Continually his uncertainty about the state of nature. Following Edwards, 
Th. Used problems of the same type but with a somewhat wider range of conditions. 
Sàch problem the subject is shown a card which lists from two to four rules, Each 
Pr e is defined by the probability of occurrence of from two to four events. A typical 
i blem is shown in Table 1. In each problem the subject continues to receive 
Wh ation in the form of events until he terminates, which he is instructed to do 
Da, 81 he feels he has had sufficient information to reach a decision. The subject neither 
hin. for information nor wins points for being correct, thus he must provide for 
T à means of trading off number of trials for errors. 


Tu 
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Our results have shown several interesting facts about the nature of human per- 
formance in this situation. First, in agreement with Edwards's work it is clear or 
humans can put together sequential evidence and reach a decision based upon such 
evidence. This is true even when there are as many as four rules each with four events 
to consider, and even when the subject is not able to look back on previous events na 
theseries. Moreover, it looks possible from our results to tell what makes a particular 
inductive situation difficult and what produces subjects’ conservatism. 
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virtually complete reduction of uncertainty before they terminate when the problem 
Is easy, but much less when the problem is difficult. This says that when the average 
information reduction per transform is high for the statistical decision maker, 
Subjects tend to be very conservative in their behaviour while, when the average size 
of transform is low, the subjects approach and even surpass the rapidity of the standard 
in termination. 
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Sample size, Another type of induction experiment confirms the finding that the 
Performance of subjects becomes increasingly inefficient as the size of the transform 
Mereases, These studies vary directly the size of a transformation by increasing the 
Sample of information given on a single trial. When large amounts of information are 
Supplied, the statistical decision maker can reduce uncertainty more than when a 

vial Provides less information. In studies with quite different stimulus presentations 
the size of the sample available on a given trial was manipulated (Phillips et al. 1963; 
eterson, Schneider & Miller, 1964) and it was found that subjects became increasingly 
Conservative with respect to the standard as the transform became larger. This 
Confirms the finding from studies which manipulate the average size of the transform 
Within a sequential induction task. . . 

Summary. These findings are only a beginning in the study of induction. However, 

€y reveal the utility of viewing induction as an information reducing process which 
das much in common with other intellectual tasks. Like the. finding in simple 
arithmetical transforms and in concept studies the greater the size of the informa- 

ton reducing transformations which a subject must perform the less efficient his 


Dep 
Performance becomes. 
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Problem solving 


‘Point of no return’. Bartlett (1958) suggests that one of the important aspects d 
thinking is its tendency to show a ‘point of no return’. He contends that thinking, 
very much like other skilled activities, reaches a ‘stage beyond which the ipn 
input of signals cannot produce a result because it fails to be noticed or does ae 
produee a result because it is ignored. Alternatively, the new signals lead to 
belated attempt to modify action and error follows’ (pp. 17-18). . 

Bartlett presents a number of arguments and anecdotal demonstrations of this 
phenomenon. The bulk of his case rests upon a type of problem solving in which 
a subject is required to fill in the gap in a series of items related by a generation rule. 

Simon & Kotovsky (1963) have investigated a number of such problems an 
attempted to specify the processing properties required of the human by means 9 
a computer program. They find that the major variable contributin g to task difficulty 
in such problems is the number of places in immediate memory which must fe 
occupied simultaneously in order to derive the correct answer. They view the subjee 
as sequentially encoding information from the series and storing this transformation 
They argue that ‘if a subject is able to extrapolate a sequence, he holds in memory 
something different from the bare sequence with which he was presented. The 
sequence, taken by itself, provides no basis for its own extrapolation.’ He must then 
generate a pattern based on the transformed stimulus input. In this view such & 
problem represents exactly the combination of storage and information transform? 
with which this paper has been concerned 


Once a problem solving task is viewed as involving both retention and transforme 
tion the existence of a ‘point of no retu 
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Whitfield presented subjects with the problem of finding out how to classify each of 
eight objects into eight, four or two categories. Thus, in the terms being used in this 
paper, his conditions would involve information conservation, and information 
reduction of one and two bits respectively. Whitfield measured the difficulty of 
problem solution by the number of trials taken by subjects in excess of those which 
an ideal statistical observer would require to eliminate all but the correct classifica- 
tion. These values were 0-44, 1-2 and 3-8 trials per subject for the conservation, 1-bit, 
and 2-bit reduction conditions respectively. Whitfield further showed that one 
reason for the relative difficulty of the information reducing tasks is the fact that 
information derived in a given trial survives longest, i.e. is not violated on subsequent 
trials in the conservation task and shortest in the 2-bit reduction task. This would be 
Predictable from the notion that retention is systematically related to subsequent 
Processing. 

Simultaneous presentation. Apparently even in those cases where the information 
remains available as the subject solves the problem the limitations of immediate 
memory may still be important. Thus, Simon & Kotovsky (1963) find that the 


difficulty of their serial problems is most closely related to the number of items which 


must be held in store simultaneously for a subject to infer the correct generating rule. 
This is true despite the fact that a written statement of the original problem remains 
m front of the subject. This means that in the analysis of problem solving, memory 
May be a limitation whenever & number of items must be integrated in order to 
Produce the transformation which yields the solution. Having the items present on 
à page in front of the subject does not guarantee that the necessity for retention 
during the act of transformation is eliminated. Thus the analysis of problem solving 
as à sequential task involving retention and transformation may be extended to 
Problems in which the subject has continual display of the raw information. At least 
this is a necessary conclusion from the results which Simon & Kotovsky (1963) present. 

This view means that the ‘point of no return’ phenomenon can occur as a result of 
the interaction of retention and transformation even in those situations 1n which the 
display of raw information is continually present. Bartlett (1958) proposed that the 
effect: of location of a gap in a series problem would be one appropriate test of the 
‘Point of no return’ notion in human thinking. Posner (1959) studied a number of 
Series reasoning problems with static visual displays in order to test Bartlett’s 
Suggestion. In these problems the subject must fill the gaps by means of a rule 
derived from the portion of the series provided. Using forty-eight different problems 
volving numerical, alphabetic, pictorial and semantic materials it was found that 
there was significantly better performance with late gaps than with early gaps, 
though the problems were otherwise identical. For example, the problem 6, 9, 5, 8, 4, 
TWX], 4, 0 (solution 3, 6, 2, 5) was solved by about twice as many subjects (23 vs. 12) 
as the problem 0, 4 3, 7, 4, 8, 5, 9, 6 (solution 1, 5, 2, 6). This phenomenon requires 
further study, but may be related to the number of items the subject takes into 


account in solving the problem. : "e 
The results of this section indicate the utility of a view of problem solving in terms 
9f the general laws of retention and transformation. By bos of this approach it may 
© possible to realize Whitfield's (1951) goal of *providing an objective form of 


ifficulty, associated purely with the problem and not dependent on behaviour’, 
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Reading 


Perhaps the most important serial task which human beings perform in —— 
frequency in daily life is the extraction of information from written and sf a 
material. It is clear that neither reading nor listening can be thought of as a ae 
retention task. When someone asserts that he remembers what is in a book or at 
he does not mean that he can reproduce it in ordered recall. Rather he means tha 
he can state the main ideas, relationships, or concepts asserted by the story. thé 

In coming to understand materials of this sort a subject must impose apon 
words he hears or sees transformations which include selection, combination enr 
classification of the sort we have discussed earlier. To the extent that such eum 
mations are involved they should show up as in other memory tasks by reducing th 
rate at which a subject can assimilate information. of 

Rate of reading. Poulton (1958) investigated the effect of increasing the ante s 
presentation in reading. He was interested in comparing recall of specific Lee 

(pure retention) with a task where the subject had to select which of two wire 1 
had the same meaning as the one he had previously read. The first task par 
information conservation since it requires virtually complete recall, though Pou id 
did not require preservation of order information. The second task clearly ? ape 
more opportunity for the kind of information reducing transformations which r a 
been reviewed in this paper. The subjects were required to read at rates of 299; ai 
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carry in store more categories than does the nested relation. Dawes postulated, 
therefore, that in retaining the story subjects would tend to produce more overgeneral- 
izations (retain disjunctive relations as nested) than pseudodiscriminations (retain 
nested relations as disjunctive). This finding was borne out in the experimental studies. 

The potential importance of this method is very great. Many sentences, particu- 
larly declarative sentences, can be said to assert relations between sets. The compre- 
hension of a sentence can thus be viewed as à kind of miniature concept utilization 
experiment. For example, suppose it is asserted that ‘all scientists support the test 
ban, but no one else does’. This sentence asserts an identity relation between the sets 
‘scientists’ and ‘test ban supporters’. When a subject is then required to evaluate a 
statement such as ‘some non-scientists support the test ban’, he is being placed in a 
kind of transfer situation. His comprehension of the sentence may be said to be 
greatest when he can utilize the concept presented in the sentence in the widest 
number of transfer situations. One then can begin to make predictions about the 
difficulty of assimilation of information from a sentence as à function of the number 
Of sets and the complexity of their relations. Dawes's studies with stories are a 
beginning of the effort to analyse connected materials using some of the same 


Principles and methods which have grown up in the study of concept learning with 


Patterns and multivariate dimensions. In this way the difficult problem of compre- 


hension of sentences can be examined in terms of the types of transformations 
required to utilize the concepts they assert in a set of defined transfer situations. At 
the present time we are conducting experiments with a view of formalizing this kind 
9f analysis. 


V. CONCLUSION 
conclusions from work which is really in its very early 
his review is that à number of aspects of human intel- 
lectual performance, which have resisted systematic investigation for so long. can be 
$xamined analytically in terms of the transformation processes and retention involved. 
Each of these pure processing modes can be studied in abstraction from the com- 
Plexities of real life tasks. This approach to information handling is roughly analogous 
io viewing complex learning in terms of combinations of simpler S-R associations. 
: hrough experimentation it is hoped that the basic laws governing human capacities 
or transformation and retention may be found. Such experiments are bound to be 
artificial because they abstract the crucial processes of natural tasks rather than 
“eproduce the tasks. Tt is, therefore, continually necessary to make certain that the 
Processes which ave being abstracted are ones which really play an important role in 
be tellectual nhan. Thus the direct study of processing in relatively complex 
Situations is also necessary. . . 
The data reported here seem to show that an analysis of intellectual performance in 
"ms of informational transformations, immediate memory and the interactions of 
ese processes can provide tools adequate to the analysis of significant questions in 


uman thinking. 


It is difficult to draw firm 
Stages. The major point of t 


te 
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RESPONSE PATTERNS AND STRATEGIES IN THE DYNAMICS 
OF CONCEPT ATTAINMENT BEHAVIOUR 


Bx RIVKA R. EIFERMANN 
Psychology Department, The Hebrew University of Jerusalem 


Following Bruner, Goodnow & Austin an analysis of subjects’ response patterns in conjunctive 
Concept attainment was undertaken. The analysis was based, in addition to the card choices used 
In previous experiments, on subjects’ verbal reports about each of their choices. The aim was to 
trace the dynamies of concept attainment behaviour and determine how systematic and con- 
sistent response patterns become over a series of problems. It was found, first, that there exists 
& positive correlation between the ability to justify one's card-selection verbally and efficiently 
in concept attainment. Secondly, a majority of subjects became systematic in their response 
pattern after being exposed to a few problems of the same type. Thirdly, a good number of 
subjects, after having attained systematic response patterns became unsystematic again for a 
shorter or longer run. The theoretical concepts of holistic and elementaristic strategies are dis- 
dinguished from the observational ones of component-centred and concept-centred strategies. 


Bruner, Goodnow & Austin (1956) describe four ‘ideal strategies’ of behaviour in 
certain concept attainment situations, saying that these represent ‘the way we would 
Set the computer to do what the subject appears to be doing’. One of the drawbacks 
of their approach is that it is not always possible to differentiate between these 
Strategies on the basis of the observed responses. In order to overcome this drawback, 
an experiment was devised in which the subjects were requested not only to do some- 
thing (to select certain cards), but also to report on the reasons for their choices. It 
IS commonly claimed that subjects who successfully solve problems which require 
logical thinking are often unable to explain their behaviour. Our assumption was 
e Ability to express oneself adequately while performing a. structured task which 
requires logical thinking would correlate positively with efficiency in performance, 
Le. with performance which is most favourable in terms of the amount of information 
attainable at each step in the process of solution. An additional aim was to investi- 
Bate the dynamics of concept attainment behaviour and in particular, to see if there 
oe an increase in how systematic the response patterns were over a sequence 

Similar problems, 


Material METHOD 
a Sets of sixteen cards each, a Form and a Number set, were used. Each of the cards in 
Val er set consisted of a unique combination of four attributes, each represented by one of two 
Nes. Table 1 presents the attributes and their values. 
Procedure 
a Wenty-five first-year psychology students were tested. They had no previous familiarity with 


ana periment. Ten of the subjects were assigned to the Form group (two men and ei ght women) 
a fifteen (six mon and nine women) to the Number group. Each subject was tested individually, 
Value, ad to discover four concepts of two attribute-values and four concepts of three attribute- 
each subi c concepts were the same for all subjects and were presented in random order to 
ect. 


he task was explained to the subject in detail and it was emphasized that he should attempt 


atta 

ain the concept with a minimum number of card-choices, and that ‘all concepts would 
T 

d Gen. Psych. 56,2 & 3 
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ive his reasons after 

» : 3? j vas also requested to give his re: a 
: Y attribute-values’. The subject was a. i ; ard chose 
Verc ids e e soon not to guess the concept. He was then told redo ems Td 
ERED CROCS; : hi h for each concept started after US 

T 3 t, instantiate the concept. The searc i ucc MM WEN c 
pee i pee in an ordered array in front of the subject and one card representing ‘a p 

een 


as the 
im terminat as soon 
instance' of the concept had been pointed out to him. The Search was terminated as 

instaj 2 t Tt 

subject announced the correct concept. 


s 7 inations 
Table 1. Attributes and their values represented in unique combinati 
on sixteen cards: (a) the Form set, (b) the Number set 


Attributes mu 
i (a) Form set (b) Number set E 
- a d "Thousands 
Shape Colour Size Background Units Tens Hundreds sie 
Square Red d Large Clear --—1 = paa - d m 
Circle Green Small Striped ---2 --2- A 
RESULTS 


Categories of response 


i was 
categorization of Bruner et al. (1956) the omen 
y be divided with regar 
hat are here called ‘elem, 


Somewhat in line with the 
investigated that people ma 
attainment problems into w 
An ‘elementaristic solver’ 
by the first positive instan 


pairs, triplets, ete. On the other hand, a : 
he tests as a whole by selecti 


In order to test this hypothesis, “responses 
and the accompanying verbal report, 
first positive instance’ in choi 
values that either were not y 


1. Choice differs in ; 


«go 


cri pe 
ual examples in the particular experiment des i 
this paper but in another, similar experiment: ‘I am certs abge and shape 

same time, although I know it’s a gamble’ EN 
3. Choice differs in just on 


d) 
e 
pang, pt 
at Ee COnCept is 22-17 (29-1 woro loft unobo gig 


il 


wo 
but comments on the 
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5. Choice differs in just one attribute-value from the first positive instance. 
Report: comments on an attribute whose value was left unchanged. 
Example of report: *Y want to “isolate” colour’ (while the attribute whose value was changed 
was shape). 


6. Choice differs in just one attribute-value from the first positive instance. 
Report: comments on two attributes whose values were left unchanged. 
Example of report: am testing red and small’ (while the attribute whose value was changed 
was background). 
T. Choice differs in one or more attribute values from the first positive instance. 
Report: comments both on attributes whose values were changed and on attributes whose 
values were left unchanged. 
Example of report: ‘I want to test red square ™’ (while the attribute whose value was changed 
Was colour). 
8. 


Choice: any card. : 
Report: contains no comments on any attributes whose values were either changed or left 
unchanged. — 
Examples of report: ‘I simply guess’; ‘I don't know why I did it’. 
dn analysing the results, responses of types (1) and (2) taken together were dis- 
tinguished from types (3) and (4) taken together on the basis of the differences in the 
Téports in these two classes of response: (1) and (2) are * component-centred' responses 
While (3) and (4) are * (whole) concept-centred’ responses. In all these cases there is 
è One-to-one correspondence between choice and report, while no such correspondence 
obtains in the last four cases which will be called ‘opaque’. Responses of type (8) 
Were separated from the other opaque responses, since this was the only type of 
Tésponse which contained no specific comment on any attribute whatsoever. 
Subjects sometimes ‘guessed’ the concept, contrary to instructions; i.e. they either 
Named a wrong concept while already possessing information sufficient for identifying 
the correct concept (a ‘redundant guess’), or else they named a concept before they 
lad Information sufficient for such an identification (a ‘guess’). In this latter case, if 
What they said was wrong the experiment was continued; if correct, the experiment 
Was terminated, but their solution was still counted as a ‘guess’. Sometimes a subject 
made a choice to which the experimenter’s reaction that it did or did not instantiate 
1e concept was already determined by the subject’s previous choices; such choices 
ould not provide the subject with further information and were termed ‘redundant É 
. NO difference in response patterns was associated with type of material and the 
results for Form and Number cards are therefore discussed together. Table 2 gives 
“© mean numbers of responses of the different types for all twenty-five subjects, 
ath responses to the first problem distinguished from responses to the other seven. 
le table shows that there were far more component-centred responses than concept- 
Dired responses. In fact, all component-centred responses were of type (1), i.e. 
"Ble-component-centred. The proportion of redundant responses was by far the 
Satest in the case of opaque responses. 


ce 
St 


Development of systematic response patterns in the group as a whole 


In order to test whether response patterns become more systematic through 
oe problems, the number of deviations from the more frequent of the two 
p Tesponse categories (component-centred or conecept-centred) was determined 

each problem, Table 3 gives the number of subjects who deviated from their own 


14-2 
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m qu w uy bjects who 
f the number of su d 
iite Aa category, as well as 1 bea 
requent major response gory 3 € 
ore fre th ug once or more than once, for each of the eigh’ lcgi: 
b- we The number of subjects deviating from their own more os " : 
y g n six wenty-Hv 
Pe ras by far the greatest on the first problem (sixteen out o 
category W fi 


f i ssing on 
i f bjects guessing 

li zever, in the number of subj g 

j re was no decline, however, 

subjects). There 

successive problems. 


jas 
r "68 es and. pr 
Table 2. Mean number of responses, mean number of redundant is tie mis for 
odis j " probl i " response cate: 

ri er j em, in four res f 
portion of redundant responses, pei subject per problem, fou p 
the first problem and for the second to eighth problems (n — 25) 


Responses 
Opaque 
Component- Concept- T 
adiing centred centred All Ge m 
a -6 0-4 

First Mean number of responses 1-72 1:36 0-48 112 es 0-08 
Redundant| Mean number 0:24 0-20 0-20 0-56 0-7 d 0-20 
responses J Proportion 0:14 0-15 0-42 0-50 0:48 " 
T 0-29 
Second to Mean number of responses 2-64 0-95 0-02 0-45 0-47 0-09 
eighth Redundant) Mean number 0-15 0-09 0-00 0-14 Boc 0.31 

inclusive responses J Proportion 0-06 0-09 0-00 0:31 0:29 


Development of systematic response patterns in individual subjects 
Twenty out of twent 


y-five subjects reached à res 
all but at most one res 


jc that 
ponse pattern so systematic t 
i i.e. 
jects were component-centred and all of type (1); 
single-component-centred, whil 
However, two of the subjects 


Table 3. Number of subj 


ects who (a) 
response category ; (b) 


deviated from their more frequent 
guessed on ea 


ch of eight problems (n = 25) 


Deviations Guesses 

Successive * NEN Ua UD ii 
problems deviations deviation deviation guess one guess 

Ist 9 6 10 6 2 

2nd 16 3 6 3 2 

3rd 18 3 4 7 9 

4th c 19 4 2 5 0 

5th 16 5 4 7 2 

6th 13 7 5 3 5 

Tth 17 5 3 5 0 

Sth 19 4 2 7 1 
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Discussion 
Categorics of response 

Results show that in the cases where responses were opaque, either of types 
(5, 6 and 7) or of type (8), redundant responses were also by far the greatest in 
number. Since this finding was not necessitated by logic. it suggests, that in our 
experiments at least, lack of ability to justify one’s problem solving behaviour tends 
to go together with relative inefficiency in the attainment of information. It is not 
Surprising, therefore, that the largest proportion of opaque responses occurred on the 
first problem presented. 
! This finding would seem particularly pertinent, since verbal report has been re- 
Introduced of late into the investigation of thought processes (Newell & Simon, 1961; 
Wason, 1960). Wickelgren & Cohen (1962), in a situation comparable to the present 
one, have even taught their subjects a limited, artificial language for the purpose. 
In this way they awe indeed by-passed some of the problems of opaque responses, 
but from our viewpoint they have at the same time given up information which is 
Psychologically relevant. ` 


The dynamics of concept attainment behaviour 

It is not unreasonable to see in a consistent sequence of systematic response 
Patterns a manifestation of a specific concept attainment strategy. Thus, the be- 
haviour of those subjects who reached a systematic response pattern of the com- 
Fonent-centred category and consistently stuck to it is to be regarded as good evidence 
a acting in accordance with an ‘elementaristic’ iig acr en 
.. "aviour of those subjects who reached a systematic response pattern of the con- 
pi centred category, is to be regarded as indicating action according to a holistic 
Stra, egy. D 

Our classification corresponds approximately to the ‘strategies’ of Bruner et al. 
y though these authors did not draw the distinction between the behavioural 
ms tho theoretical concepts. The elementaristic strategy is related to ‘conservative 
ee (type 1) and to ‘focus gambling’ (type 2) and the holistic strategy approxi- 
Mates ‘successive scanning’. However, since Bruner et al. did not have access to 
Systematic verbal reports E is difficult to see how they succeeded in their empirical 
J “Ssifieation of many chaios sequences (see Fifermann, 1965, Bur examples). : 

Tuner et al, who view strategies functionally, asking what the behaviour 


S : e 1 p i -" 
S quences accomplish for the organism’, claim that ‘shifts in Wr x s de 
Seribeq : l i ts of the tasks set’. Evidently, it was 
and related to changes in the requirements © à 
not f ip eibi ges did occur. Nor would it 
Unctional t tic and yet such changes k 
jo turn unsystematic N ^ à 
wid been functional, from the viewpoint of task c edicere E = 3 
C d | p 
9mentaristio strategy which secures the greatest amount of information at each 
D. 


> í red in this experiment, but the 
P to the holistic strategy. No such shifts occurred in this experi y 


Oceur in another similar experiment. 

her similar experum: AEF , P 
ip, 5 it appears that the development of a subject’s concept attainment behaviour 
Will no a th path towards functionally improved per- 


the whole subjects tend to reach consistency and 
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i ators such as 
i —which may be due to fac : 
7 ' vary from the opaque responses. “whic rim siete 
eee pie eil or frustration—to shifts in strategy sec eam ies 
sce. aia à ji toa ‘need for a change’ or ‘a 
iour ing to a strategy, due, perhaps, i | M utc 
E à red from immediate task requir 
" ' or any number of factors far removed c getan 
schen sudare e ici 'hich is expressed in human behav : 
efulness—or capriciousness—w Bx ur Los 
res s dine with the most ‘dull’ and ‘abstract’ kind of cognitive task 
when dealing 
y to be ignored. . "— 
d we a construct a comprehensive model of human p pr ae 
f H e a which require ‘pure’ logical thinking only, it is essential (a cape 
unt (b) to analyse such *non-logical? factors and treat them as relevant à ^ Allen 
tyr, Thatcher 
data. This was done, for example, by Donaldson (1960), and Gyr, 1 x vl ahis 
(1963). A few steps in this direction of exploration and analysis were rete aiaiga 
in the present experiment in the treatment of opaque responses, and in ane ui 
of dynamic aspects of concept attainment behaviour. These aspects ca 


z " s be put to 
examined in greater detail, and the following questions, among others, can be p 


! : formance even 
experimental test: What kinds of factors affect consistency in performan 


vhat extent can motivation a 
certain point reached a oth ud 
ic response patterns be expected to retain such behaviour naa " 
i > would this systematic gon like 
have answers to questions ^ 
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THE PLACE OF SUBJECTIVE EXPERIENCE 
IN CONTEMPORARY PSYCHOLOGY 


By ALAN RICHARDSON 


University of Western Australia 


This paper discusses some problems raised by Koch (1958) concerning the role of experiential 
analysis in contemporary psychology. More specifically the attempt is made to distinguish the 
concept of experience from the concept of behaviour and to justify the use of subjective report 
on both logical and empirical grounds. The problem of developing more accurate categories for 
self-observation and of developing valid constructs from self reports is considered. The final 
Section of the paper is concerned with the theoretical implications of the experientially derived 
construct of imaging ability and of the subjective activity of mental practice. 


The point of departure for this paper is the brief but important commentary on 
experiential analysis by Koch (1958) in his epilogue to the first three volumes of 
Project A, 

The following quotations* provide an appropriate frame of reference for the 
Specific questions to be discussed: ‘...for more than forty years behaviourist 
epistemology has had the pragmatic effect of fostering a set of attitudes which tend to 
either devalue or divert attention from most problems which, by virtue of historical or 
extra-scientific associations, have an “experimental odour "—— quite independently of 
Whether the investigator believes the problem compatible in principle with behavior- 
Istic methods’. However: ‘An important and quite general trend of the essays is an 
Increased recognition of the role of direct experiential analysis in psychological 
Science’ (p, 766). Nevertheless: ‘there has been no marked tendency among authors 
in the present study...to join in any explicit way the many methodological and 
empirical questions that might be asked concerning fruitful and rigorous utilization 
of experiential data. Certainly the manifold current stresses against behaviourist 


epistemology invite such questioning. Yet issues concerning optimal techniques for 


9Xperiential observation, the formulation of adequate dependent variable categories, 
a, the construction of theoretical 


the integration of behavioural and experiential dat 
Concepts from experiential data, etc., have been addressed by indirection, if at all’ 
(p. 768), 

It is with these general comments in mind that the 
lave been raised. These questions have not been dealt w. 
exhaust the important questions to be asked in this area. 
™portance to require that a start be made. 
ction be made between the class of psychological 


her class labelled experience? 
fication for the utilization of subjective 


following specific questions 
ith exhaustively nor do they 
The topic is of sufficient 


" (1) Can a valid conceptual distin 
Vents labelled behaviour and anot 


(2) What is the logical and empirical justi 
Teport? 


* 2 E 
C From Psychology: A Study of a Science, Vol. 111, ed. S. Koch (copyright 1959), McGraw-Hill Book 


om "ape 
Pany and used with their permission. 


224 ALAN RICHARDSON 


zsxiadble on- 
(3) How can reliable and valid independent and dependent variables be c 
r 7 subjective report? 
structed from the raw data of the subjec ive 1 -— 
(4) Is there evidence that any experiential variables might have wides] 
theoretical significance? 


BEHAVIOUR AND EXPERIENCE 

" " 3 EG ; s it was 

Despite the powerful influence of classical behaviourism and its offshoots it v 
not until some time in the late 1930's th ain 
been defined out of existence by the authors of most general texts in psycho. š ED 
Until that time psychology was usually defined as the scientific study of open 

and experience but it is rare to find a general text written in English, after 1940, 

‘ized as 
o justify its removal may be rapi sc 
meant some conscious event that is essen ea 

ch an event has no place in a science of psye 


š it has 
tten, spoken or key-pressing form, then # vus 
le behaviour so that the continued use © 


nt results from the term n 
thesis of experience, it refers to all forms of overt actio! 

" own right 

refers to a tangible, observable get of 
marks on questionnaires, ta: 
process or state which may 
behaviourism) 


meanings. First, as the anti 


à l É heck 

isl. rem dings, pen-recorder tracings, weit 

pe recordings or Whatever, that serve as indices of § ica 
à à ) T 

be either behavioural or experiential (i.e. methodolog 


for that construct may 


tho 
i Pi se the utilization of behaviour as à 1? 
with an exclusive interest in behaviour 88 a class of hological events ^ 
described and explained, psycholog 
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meant by an experiential problem. Such problems are those that might be summarized 
under the heading of self-conscious states or processes of mind. The following list of 
€xperiences will illustrate the types of psychological phenomena that might be 
classified under this heading: aesthetic appreciation (Platt, 1961); concept of self 
(Wylie, 1961); daydreams (Singer & Antrobus, 1963); night dreams (Dement & 
Wolpert, 1958); déja vu (Pickford, 1940); eidetic imagery (Haber & Haber, 1964); 
hallucinations (West, 1962); hypnagogic and hypnopompie imagery (McKellar & 
Simpson, 1954); the sudden awakening of reflective self-consciousness that has been 
called the ‘I-am-me’ experience (Spiegelberg, 1961); mnemonic systems and other 
Structures (e.g. number forms), and strategies, (e.g. chess playing (Miller, Gallanter & 
Pribram, 1960)); naturally occurring hynotic-like experiences (As, 1962); nostalgia 
(McCann, 1943): organic sensations (Mason, 1959); peak experiences (Maslow, 1959); 
Sensory imagery (Diehl & England, 1958); synaesthesia (Simpson & McKellar, 1955); 
reading fiction (Harding, 1962); religious experiences (James, 1902); revived emotions 
(W ashburn, Deyo & Marks, 1924); and transcendent states induced through experi- 
mental meditation (Deikman, 1963). 

These self-conscious states and processes of mind are not the same as such overt 
action patterns as aggressing, conforming, judging, helping, imitating or type- 
Writing. Though many neo-behaviourists are concerned with mediational processes 
there has been relatively little concern with experiences as dependent variables to be 

scribed and accounted for in their own right. 

It will be shown later in this paper that concern with the description of experiential 
States is not only of interest in its own right but may sometimes lead on to the 
development of important experiential constructs having the status of independent 
Variables, 


SUBJECTIVE REPORT 
_ Tf experience constitutes a conceptually distinct class of psychological phenomena 
ìt will be necessary to reconsider the logical and empirical justification for the use of 
Subjective report "which is its basic methodological procedure. Valuable discussions 
of this problem have been undertaken by Pratt (1939), Boring (1953), Bakan (1954), 
D & Gaffron (1962) and McKellar (1962) and these have been drawn upon in 
aking the following comments. " 
In his book P^ the pes of modern psychology Pratt (1939) argued ies intro- 
Speetion is merely another word for observation? (p. 56) and again that all pheno- 
Mena, are private to begin with, they become public only when their initial genug is 
Put into words, A rat in a maze can be as private as a pain in the stomach’ (p. 99). 
t first sight this latter statement appears to be à paradox. Common sense leads us 
9 make distinctions between private events and public events; or between. subjective 
?Xperiences and objective experiences. Some things, like quie in mazes take place 
Sut there’ beyond the surface of our bodies, other things like pains in the stomach 
take Place ‘inside’ our bodies and are only accessible to the inward eye of the body’s 
Owner, 
This common-sense distinction, though convenient for some purposes, cannot be 
Maintained as a logical distinction for use in a science of psychology. Whether 
Observe a rat in anne or a pain in my stomach it is an observation that begins 
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with some sensory input and is mediated through me by the process of formulating 
a statement in words. In both instances ‘I’ have observed something and reported 
onit. Atthis stage it may or may not be accepted by others as an accurate observa- 
tion. The usual requirements of reliability are check observations by the same person 
and/or by another independent observer. Such requirements can be satisfied » 
principle for subjective report as well as for objective report. The criterion s 
acceptability then, is that essentially the same report occurs under essentially the 
same conditions. This criterion does not require that the identical pain be observed 
by two observers, any more than it requires an identical rat in an identical maze to be 
observed by two observers. Observation of a rat in a Californian maze can be accepted 
as equivalent to observation of a similar rat in a similar West, Australian maze pro- 
viding that the total conditions are sufficiently similar to produce consistent reports. 
From these total conditions the subset concerned with the specific conditions under 
which an observation is to be made are always of especial concern. The scientific 


psychologist wants to know exactly where, at what time, by what method and by 
whom the observation is reported. 


sounds, apparatus used, training of o 
importance to an assessment of Scie 


Much of perception (Allport, 1955) and „sonality 
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EXPERIENTIAL CATEGORIES 


Not only must the subject be helped to report accurately by greater clarity in 
defining the observational categories, but also the psychologist must develop reliable 
and valid dimensions or categories from the raw data with which he is provided. 
Two examples of this procedure will be considered. 

A classical problem in psychology has been to provide an adequate definition of the 
stimulus. As Bakan (1956) observed ‘It would be convenient to assume that the 
stimulus is whatever the experimenter defines it to be, but this assumption would 
oversimplify matters’ (p. 369). One way of checking on assumptions of this kind is 
to employ specially designed post experimental questionnaires or interviews for use 
after every experiment which employs human subjects. The same recommendation 
has been made more recently and with much subtle elaboration by Orne (1962) in 
relation to the study of the demand characteristics of the situation in which the 
experimenter and his subjects meet. 

i One procedure by which relevant experiential variables might be created is out- 
lined in Bakan’s study in which 100 subjects were required to memorize a list of 
twenty nonsense syllables. These syllables were arranged on a blackboard in four 
Columns of five and exposed for 5 min. Though this is hardly a typical procedure for 
the Study of rote memory it had the function of high-lighting some unexpected but 
potentially significant independent variables that need to be controlled or system- 
atically manipulated in any more sophisticated experiment. 

A Seventy-five item post-experimental questionnaire was answered immediately 
after the session, This was constructed on the basis of statements made by subjects 
ma pilot group on their methods and on their feelings and thoughts during the learning 
Process, from a study of the literature on the topic of memorizing and finally from 
the experimenter's own analysis of what might be going on during the process of 
memorizing. Among the findings of this demonstration study were, that subjects 
who agreed with iho. following three statements recalled significantly more nonsense 
Syllables than those who disagreed. 

(1) ‘I frequently would look away from the boar 

Y trying to see how many I knew’. 

(2) ‘I had the feeling that I was in a compe 
better than the others.’ 

(3) ‘I appreciate any break in the class routine 

On the basis of this information it would be possi 
Measure of task motivation and task rehearsal. 
Variables could then be related to other personality 
k etermine whether more general dispositions were invo 


Important b : 8 ifi 
; but merely situation specie. : "S . 
akan summarizes the main uses of these kinds of experiential data as ‘(a) to 


Obtain a description of an experimental situation as experienced by the S, (b) to study 
the relationship between subjective and objective variables, (c) to discover significant 
Variables. (d) to study relationships between subjective variables, and (e) to study 
1e effect of experimental manipulations on subjective variables' (p. 378), 
Second study serves to illustrate another way in which experiential data, may be 


d or close my eyes and test myself 


titive situation and was trying to do 


, 
ble to develop a specific situational 
Both these experientially derived 
and performance measures to 
lved or whether they were 
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used to form potentially significant psychological dimensions. In the field of imagery 
research, about which more will be said later, Gordon (1949, 1950) has developed a 
test for the measurement of imagery control. In its present form this test consists of 
a series of eleven situations that the subject must attempt to visualize. For example: 


(1) Can you see a car standing in the road in front of à house? 
(2) Can you see its colour? 
(3) Can you see it in a different colour? 


And so on to the last question which asks: 


quired on a set of preselected tasks of visual 
to establish a way of categorizing or scoring 
discriminating kind of dependent or inde- 
Gordon (1950) found that by including only 
gery category, who gave affirmative answers 
ned the greatest discrimination on a further 
Necker cube was measured. Subjects whose 
€ found to have more control over the rate of 
reversal than subjects whose imagery was of the ‘autonomous’ or less well-controlled 
type. 

Tn answering the eleven 
to ensure that the same c 


to each of the questions, that she obtai 


the instructions and to this end it may be necessary to 
visual image. If the subject is doubtful it may be a us 
ing for a brief period and Ho 
n he closes his eyes or transfers his gaze to a shect of ae 
and might serve to acquaint a subject with on e m rdi E S on 
Secondly, the subject e extreme kind of vivid visua 


" cos is i cu- 
1 , must be honest in his endeavours to observe and report ao e 
rately. As with observers who are required to 3 fe! 


s of 


dependent and independ i ing up adequate categori? 
ependent variables from subjective reports two things shoul 


dla "e x af imp ortar methodological information has accumw j- 
x ne area o Content analysis which is relevant to the problem of coding and quan 
ae subjective reports (e.g., Allport, 1942; Berelson dn EDU Atkinson 
« E 1 E ay J reta- 
ark & Lowell, 1953 ; Pool, 1959). Secondly, the Procedure, though not the interpr et 


tion of its use, is in all essentials sim; ing an 
d g : 8 similar to the r : sd structing 
validating a wide range of other PSychological Mu AUR used in cons 


ed 
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The question must now be rai - ae 
s e raised as to whet} i igati ve 

so " ner the investigation of the re 
of subjective experience has a, ical inportan to psychology- 
S à sen i i 

se in which what one cor 8$ Important is an individual matter of ta‘ 
ocal and passing fashion. If we thin 


o 
os : st 
k of subjective experiences only as event 
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explained then it might still be argued that such problems should be left to those 
who are interested in them but can well be ignored by those who are not. If, on the 
other hand, it could be shown that there are any variables of subjective experience 
that affect a wide range of behaviour and experience then perhaps the theoretical 
importance of such independent variables would be more adequately established. 

Already some grounds exist for believing that at least one variable of subjective 
experience will need to be incorporated within the framework of any systematic 
psychology. This experiential variable is imagery and some evidence is presented to 
show that it is of theoretical importance to the study of a wide range of psychological 
problems concerned with higher mental processes. In this regard the recent writings 
of Mowrer (1960) and the research interests of Piaget (cf. Gardner, 1962) are of great 
Interest, 

Imagery may be conceptualized as a class of cognitive abilities. As with all other 
abilities there is a wide range of individual differences in the capacity to form and 
control imagery in different sensory modes. Though there is some evidence of a 
Seneral factor of imaging ability (Sutcliffe, 1962) there are three important sub- 
classifications that have been noted (e.g. Roe, 1951). People may be broadly cate- 
Sorized as visualizers, verbalizers or as mixed according to their preferred mode of 
thinking in different types of task. Perhaps the two major dimensions of imaging 
ability that are of importance are the vividness or clarity of the imagery and its 
Controlability. : 

Among the major disputes relating to the concept of imagery in the past was its 
functional value or lack of it. Anti-imagists like Spearman (1930) maintained that 
imagery served no distinctively useful function, that a problem might be solved by 
employing imagery if one possessed it or equally well by utilizing inner speech or 
again without any conscious accompaniment at all, as in the imageless thought of 
the Würzburgers. Other psychologists like Davis (1932) sought to show that the 
Possession of imagery was either essential or at least advantageous in the carrying 
through of particular cosnitive and other tasks. He concluded an empirical investiga- 
tion of his own with the pertinent comment that, ‘If. . -the image experience. . .is 
Shown to have behaviour consequences which are objectively demonstrable, then 
ismissal of the image as epiphenomenal, unless the 
Anti-imagist can demonstrate a correlation as close or closer, between the same 
Objective behaviour differences and the mechanisms which he observes and whieh he 
claims are adequate for purposes of psychological description and d (p. inta 

One of the tasks that is often thought to require vivid controle visual icd y 
°F its successful completion is the spatial manipulation of objects in 21 ion as 
When trying to imagine what a house will look like from drawings of its plan and 
elevation or what a room would look like when furniture and curtains are com- 


Plete] EE 
In rica [nii en twelve spatial tests were administered to a group of 
Subjects and the resulting scores were intercorrelated and asperius Three 
Principal factors were found: (I) Spatial manipulation, (II) reasoning, an (IIT) shape 
recognition. Subjective reports were obtained on the spontaneous imagery evoked 
; h test. Imagery, when it occurred, was found to be 
factor I but to a lesser extent with 


there is no longer any ground for d 


ae the performance of eac : 
“Sociated with the tests that had high loadings on 
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the tests that had high loading on factors II and III. ‘The general conclusion, yet 
tentative, is that facility in imagery is important in spatial manipulation, is ie 
important in shape recognition tasks and is unimportant in spatial analytic reasoning 
(p. 162). It is interesting to note that in a study by Drewes (1958), in which an EEG 
measure of alpha blocking was used to differentiate visualizers from verbalizers, it 
was found that visualizers performed significantly better than verbalizers on the 
Guildford-Zimmerman Spatial Visualization test. 

Studies of the type conducted by Barratt are o 
help to make sense of earlier research which had produced conflicting results. Imagery 
appears to be of importance for high-level performance on one type of spatial task 
but not on all. Before the advent of factor analytic techniques a relatively unequi- 
vocal solution to this problem was not available. 

One last illustration of the potential significance of imagery as a theoretical con- 
struct comes from the study of mental practice. Mental practice refers to the symbolic 
rehearsal of a physical activity in the absence of any gross muscular movements. 
When a golfer sits with eyes closed and in imagination goes through the motions o: 
putting a golf ball he is engaged in mental practice. Since Sackett’s (1934, 1935) 
early investigations of this phenomenon at lea. 
completed (Richardson, 1963). The trend in 
hypothesis that prior mental practice of a 
significant improvement in the 


f special significance because they 


actual performance of that activity. b 
; Davis, & Clugston (1943) is an illustration, ione 
her grounds it is not methodologically ee 
boys were used as subjects and nd 
bavrtioth d : : Sk. Group 1 who threw on the first ? i 
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CONCLUSION 


The purpose of this paper has been to explore some aspects of subjective experience 
as it exists in contemporary psychological research and theory. Attention has been 
drawn to the conceptual independence of experience and behaviour and to the logical 
and empirical justification for the use of subjective report. The procedure by which 
reliable and valid experiential categories might be constructed has been illustrated. 
The essential similarity of this method to that adopted in the construction of other 
inventories and tests is emphasized. Finally, the concept of imagery has been taken 


as an illustration of the possible theoretical significance of one class of experiential 
variables. 


lo An earlier version of this paper was read to the West Australian group of the British Psycho- 
gical Society (Australian Branch) at Perth, 1962. 
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PROBABILITY LEARNING IN STEP-INPUT TRACKING* 


By C. B. GIBBS 
Defence Research Medical Laboratories, Toronto, Canada 


Six men and six women tracked stimuli that demanded responses of unequal probability. The 
control-display relation was directionally incompatible. Half the subjects used their non- 
preferred hand. Many large directional errors occurred in early practice and these were amended 
after a mean delay of 0-24 sec. With continued practice, small errors persisted mainly in responses 
of low probability but the mean amendment time fell to 0-11 sec. These errors provided new, 
highly sensitive measures that revealed differences in performance associated with sex, hand 
preference and probability (P < 0:01). , r 

The rosults are compatible with hypotheses that the speed, direction and extent of move- 
ment are determined by negative proprioceptive feedback and integral-error control (Gibbs, 

954). 


There are lawful relations between the direction of movement and the discharge 
of specific groups of proprioceptors (Mountcastle, Poggio & Werner, 1963). The speed 
of movement is closely related to the rate of change of frequency in the discharge of 
Drimary nerve endings (Matthews, 1933). The speed and direction of movement could 
therefore be canini directly by proprioceptive feedback, once the relevant 
relations were learned. The extent of movement could be determined by integrating 
the speed signals from proprioceptors over time, to provide integral-error control 
(Gibbs, 1954), Tt is hypothesized that new movements are first controlled by extero- 
ceptors, but that detailed duties of monitoring are delegated to proprioceptors for 
the longest possible period. The degree of dependence on vision depends on the 
Probability and predictability of the outcome of specific responses. Delegation 
releases exteroceptors and the limited span of attention from detailed duties of 
monitoring, . , 

A hypothetical function of proprioception is to provide negative feedback which 
ensures that a movement initiated by an error-stimulus reduces that error. Negative 
feedback depends on a definite directional relation between input data, and the feed- 
back data which define the output. A reversal of the normal learned relation between 
sel and proprioceptive data should therefore lead to positive feedback by which 

sponse to an error-sti us increases the error. . 

Two Ath seven of lent underlie the effective control of movement. The 
learning of lawful relations between movements and sensory feedback (output- 

€edback relations) is to be distinguished from the learning of serial, S-R probability 


relations; they are exemplified by the tracking task that is described. A major 
Purpose of the experiment is to demonstrate the existence, and some major effects 


of both t 
ypes ing. : , 
The hens sien lead to unequivocal predictions and to consistent explana- 
tions of s -input trac. 
3 knoy . In a task of step-InE : 
cessive tel MN equally probable: such tasks are convenient for the 
Study of serial robabilit relations. It is easy to provide an incompatible directional 
elation min control ini display, i.e. a control/display relation where the control 
atories Researoh Paper no. 541, PCC No. D 77-94-20-23. 
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joystick and the display cursor move in opposite directions. Such a relation is well 
adapted for the demonstration of positive feedback in carly practice, which results 
in large directional errors and considerable delays before errors are amended. By 
hypothesis, the unfamiliar but constant control/display relation can be learned and 
negative feedback again develops with a consequent reduction of errors in responses 
of both high and low probability. 

The delegation of monitoring from vision to proprioception, or from conscious to 
automatic level, reduces the time taken to amend directional errors. The approximate 
reduction should be from 0-25 to 0-10 sec; the former time represents visual reaction 
time, and the latter corresponds to known latency in the motor-proprioceptor circle 
of nerves (cf. Ruch, 1951). Amendment times of 0-10 sec would contrast with findings 
of psychological refractoriness, e.g. that in responses to two closely spaced stimuli, 
the reaction time to the second is longer than that to the first (e.g. Vince, 1948; 
Craik, 1948; Hick, 1948; Welford, 1952, 1959; Davis, 1956, 1957 1959: Adams, 1961, 
1962). Other predictions from the h ypotheses are that the manta of directional errors 
and the duration of visual reaction times depend on the relative probabilities © 
responses. The data reported here are compatible with hypotheses. 


METHOD 
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T hindi feuda cuiii oin. onde 
Dui migiadie: ati amas ini À p eee in fin pier are that the 
ines" nii errors occurred on the relatively infrequent improbable and equi- 
Tilapiins ee ei There was a monotonic decrease in all error percentages as 
ieie FF San except for an increase on equiprobable steps in the last stage of 
Ma : pisa e maljente made errors on step 1 which demanded an equiprobable 
Nine roe "à ollowing step 33 a maximum of six subjects made errors on these steps. 
(step e E ae on the first and on the last gp of improbable steps 
Practice. Tn ee in pet m E: —— hig " (60%) s the last stage of 

3 ally disappeared in unequivocal responses. 


Table 1. Total number of errors (E) in responses (R) of different probability at 
different stages of practice (steps 1-33, 34-66 and 67-100) 


Improbable Equiprobable Probable Unequivocal 
(1) (2) (3) (4) (5) 
Steps E/R % E/R 96 E/R 96 E/R % 
1-33 37/48 77 44/72 61 38/120 32 18/156 12 
34-66 25/36 69 27/96 28 13/120 11 4/144 3 
T 67-100 22/36 60 29/72 40 19/120 10 1/180 0-6 
otals 1-100 84/120 70 100/240 42 63/360 18 23/480 5 
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tasi l. Relation between response latencies for correct and incorrect movements, and cor- 
or ive response latencies, on steps of different probability (n = 12). @, Mean response lateney 
Bop. in responses. x, Mean response latency for incorrect responses A, corrective re- 
So ]; 


àteney (response J- amendment). 


Response latencies, like errors, were markedly reduced in early practice. The mean 
Lo latencies shown in Fig. 1 relate to steps 15 to 100; the stage where response 
Pe oe became reasonably consistent. Fig. 1 shows the striking and significant 
la enci '01) monotonic relation between serial probability and the mean response 
figure "s of correct responses; a relation similar to that noted by Hyman (1953). The 
Ows that on improbable steps the response latency for a correct movement 


S Ss 
hys 0-10 sec longer than the response latency for an error. This is the expected 
late n between accuracy and speed. It was very surprising that the response 


ei : s 
es of correct and incorrect responses were virtually equal on equiprobable Steps 
15-9 
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and that the latter response latency actually exceeded the former on probable and 
unequivocal steps, i.e. the larger latencies produced more errors. 

The correlation between the response latencies and the errors of subjects was not 
significant, i.e. the subjects who responded most rapidly did not make most errors. 
Three male subjects had shorter response latencies and fewer errors than the group 
mean, and provided the three best combined scores. One male subject made the 
poorest combined score. The range of individual errors was 10-37. 
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Position 2 to 4 was initially in the correct direction but was reversed, approximately 
0-10 sec after movement began. The reversal caused a large error in direction, whieh 
Was amended after a delay that was compatible with visual reaction time. Responses 
that were initially correct, but rapidly reversed, accounted for 12 % of all the errors 
made in Steps 1 to 33. Errors of less than 0:125 in. at the display would not be 
detected in analysis because of size reduction in recording. The lower half of Fig. 3 
RE responses at a later stage in practice (steps 51-56). Directional errors occurred 
naking a probable response from position 4 to 2 and an improbable response from 
Position 2 to 1. In general, the size of errors was much reduced by practice. 
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Fig. 3, Response of typical woman subject on steps 15-20 (upper) and steps 51-56) (lower). 


ni the 1200 responses made by the experimental group, 272 were initially in the 
. Ong direction, The women made 168 and the men made 104 errors, a significant 
Srenee (P < 0-01). Five women and one man produced the six highest error scores. 

© errors made by both sexes were distributed in a similar manner between responses, 
ty probabilities, indicating similar estimates of response probability. Without 
hien to sex, 158 errors were made by the six subjects who used their non-preferred 
làng Pu 114 errors were made by the other six subjects who used their preferred 
Using his difference also was significant (P < 0-01). As noted above, the control group 
à compatible control/display relation made only eight errors in 600 responses, 
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Discussion 


TL ll idly amended errors observed in these tests have not been — 
m A l i vided highly sensitive measures tns 
reviously. Errors and response latencies provi e ighly robability 
ones small but significant differences in performance due to hand, p 
"e yet possible to explain why the majority of women sub jects eR tiir 
errors than most of the men. There was no reliable sex difference n Lm E aot 
matching; contrary to some established prejudices, the difference in error: seolmhlé 
stem from a feminine tendency to repose undue confidence in highly p e off 
events, e.g. that a target starting from the edge of the oscilloscope would r 
screen entirely, —— 
gam aane sharply when subjects were placed under minor stress, vip dme 
responding to stimuli of low probability or by using their non-preferred per dcin 
results indicate that these sensitive measures of performance may be par 


dy o 
useful in studying stress. The method has now been applied successfully to a study 
effects of alcohol and a report is in preparation, 


'oprio- 
ent and the discharge of specific groups of prop 
ceptors (Mountcastle et al. 1963 

ment and the rate of 
1933). Propri 


grated over time in 


nt 
Order to determine the extent of moveme 
integral error control, pical 

Correlations also exist between Movement and visual feedback but the tyP — 
errors of early Practice show that Visio: 


Data reported by Helson & Steger ( 


uce 
a motor effect in 0-1 Sec. In the trans 


rod 
) Suggest that visual feedback can Foring 
ition from visual to proprioceptive mo? i 
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of nerves (Ruch, 1951) and the minimum time to amend responses that are not 
monitored by vision, e.g. hand-tapping (Dresslar, 1892). 

In early practice, the mean time to amend errors was 0-24 sec (Fig. 2). Subjects 
expected that a rapid, primary response could run for that period, under proprio- 
ceptive control, without developing serious error requiring a visual check. The 
9Xpectation was invalidated by the reversal of normal directional relations, which 
Permit control by negative, proprioceptive feedback. Subjects were presented with 
a choice between speed and accuracy until the new relation was learned. They could 
regress to slow, visual monitoring which would minimize errors, but increase the 
time needed to acquire the target, which appeared only briefly. Alternatively, they 
could respond rapidly using proprioceptive feedback, but the reversed relation would 
then Produce frequent directional errors. 

The mean amendment time was 0-11 sec in late practice, indicating that subjects 
Were Probably using proprioceptive monitoring, despite a high percentage of errors 
on the less probable steps. The subjects were not aware of these rapid amendments. 

elegation therefore largely relieved visual attention of the duties of detailed 
Monitoring, although the incompatible relation was not fully learned. The overall 
error Percentage in the last stage of practice was about 16 95, and only 1-3 % of errors 
Were made by the control group using a compatible relation. 

clear distinction exists between the lawful relations of movement and feedback, 
ond the serial probability relations between input and output, that are exemplified 
by the different types of tracking steps. The latter permit tests of the hypothesis that 
he degree of visual attention depends on the input-output probability relation. 
Decifica]]y. highly probable responses are initiated with a minimum of visual atten- 
ton, which is indicated by short, visual response latency. Fig. 1 indicates that the 
atency ig related directly to response probability. Table 1 shows that the largest 
Proportion of errors occurred. on the less probable steps, so that a further dispro- 
Portionate increase of visual attention would be needed on these steps, to minimize 
he errors, l 
he stimuli appeared at equal time intervals but there was always uncertainty of 
? extent of impending responses. The latency of a correct response was 0-23 sec 
E unequivocal steps, mher the demand for direction was certain, but — of four 
; "Tent extents was equally probable. In steps starting from positions 2 or 4, the 
Merease of directional uncertainty raised latency to 0-27 sec for a correct response in 
.* probable direction, but a similar mean latency of 0-28 sec produced errors on 
"€ctionally improbable steps. It was necessary to increase latency to 0-37 sec to 

AAN correct responses on the latter steps. There were three times as pue probable 
Mprobable steps. Subjects therefore had a choice between short peni pro- 
ucing about 2597 of errors, and a long latency on both probable and ae as 
o Ps, Which would minimize errors. In late practice, errors pen E —— > l in 
5 Sec and this was near the difference between the short ue s atency. Time 

Ss Would therefore be negligible even when errors were made, anime was important 
wing to brief target presentation. A strategy that minimized the time be acquire 

9 target, PaL hen error, would produce 25 95 of errors on pum starting from 
Positions 2 or 4, In late practice, the average group p EU 22 /o* 

Would be expected that increased care in identifying the direction demanded 
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: : . ‘probe 
ld increase response latency and diminish error. This relation obtained ai oe 
eae ies of correct and incorrect r 
iprobable steps the latencies of correct a a sr 
able steps, but on equipro : ! man Que zm, BUR 
i . :29 sec respectively. On these s , 

7 rtually equal at 0-30 and 0 1 i l ; e 
HA -at e correct by chance, even with the ‘short latency of rims d "i 
| there would be little time loss in amending errors, as compared bi ith : iden 
Hla > latency of 0-37 sec for all responses. Again, the group mares g 

s "1 Hui . 
bos Hos time rather than error, and accepted 40 % of error in late prac 


q iii " > associ- 
Fig. 1 shows that on probable and unequivocal steps, errors were actually 2 
ated with the longer latencies, i.e. the o 


most of the relevant, plotted data were 
long latency were associated on all typ 


pposite of the expected relation. Howe : " 
obtained in early practice, when error one 
es of responses. After step 67, og s 

only 13 errors on probable and unequivocal Steps; these were ape: dn They 
temporary regressions in learning the incompatible, control/display re prid on 
are not significant exceptions to the normal, inverse relation between acc 
speed. 

The development of a short amendr 


i to 
T" ve 
nent time of 0-1 sec was an alternati 
accepting long response latenc 


omise 
y on all steps, and it produced an effective — xard 
between the opposed requirements for accuracy and speed. The relations ied se 
veloped, between response probability, latency and error reflect surprisingly oe 
dictive capacity. Subjects developed, in 1 min practice, a highly adaptive str 


F :onscious» 
based upon relations that are extremely complex and obscure at the cor 
intellectual level. The group 


the 

as a whole, and the women in particular, M orts 

strategy that minimized target acquisition time, rather than error. The verba tations 
of subjects revealed no awareness of rapid amendments; control and compu 
were effected at subconscious leve], ` 

Fig. 1 illustrates the si 

effect on the latency 
diferent extents co 
one extent w. 
latencies were 


- example, 
of correct responses, than doubt of extent. For Ars onl) 
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se 
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set by a relatively small and uniform perceptual delay. There was no uncertainty of 
Appropriate response when the error signal occurred; hence, visual attention and 
central decision were not involved in amendments. 

The data show that one type of refractoriness can be reduced by practice. Learning 
Permits prediction of the results of responses, and the delegation of monitoring from 
Visual attention to proprioceptive mechanisms which function at subconscious level. 


The alternative view 


Whitteridge (1960) provides a concise, impartial account of the historic contro- 
Versy between protagonists of the inflow and outflow theories of movement control. 
n the former, precise, directed movements cannot be made without either extero- 
“eptive or proprioceptive information (feedback), on the states of the controlled 
Member, In the outflow view, proprioception has no important, central functions in 
control, Practice establishes learned patterns of motor impulses in the brain, and 
Pach is appropriate to nullify an error of specific extent. The incompatible relation 
"s hs learned, by the incremental, automatic rointorgemeni of ‘correct? motor 
Dia a and the progressive inhibition of ‘incorrect’ patterns. At pesca stage of 
and m conflicting volleys of motor impulses could be desestolen ov sr the direct 
i Ne indirect motor pathways to muscle (Eldred, Granit & Merton, 1953). Known 
h erence in conduction time could produce rapid reversal of movements, and so 


me for the 0-1 sec interval between successive movements, without invoking 
mods of feedback. 
mes Proposed, differential reinforcement necessitates feedback, in order to dis- 
n nate between correct and incorrect responses, but the converse does not hold. 
"t “ssence of inflow theory is that patterns of proprioceptive sensations, rather than 
ii impulses, form the content of learning. Notions of motor reinforcement are, 
The St, redundant, and have nothing to commend tim except respectable MUR 
that Ypothesis of automatic reinforcement implies a stamping in’ process to nen 
P &ppearance of a familiar stimulus triggers its associated TORDUIDUÓ, No pro- 
ewe 1S made for adaptive variability, demonstrated by subjects compromise 
the pe the opposed needs to acquire the target quickly and to minimize error, In 
Jit ow view, the appearance of either an improbable step from position 4 to 5, 
Hence nequivocal step from 1 to 2 would trigger the same pattern of motor impulses. 
Sam > Errors and response latency would be equal on steps of similar extent, in the 
dictio "ection, irrespective of their probability. The data flatly cantendu = pre- 
ite ased on outflow theory. The subjects were undoubtedly emi f he or 
Drop onal relation between output and feedback, and the input-output, serial 
ability relations that were present in the task. 


Vision 


ang Mnowledg ement is due to Mr O. Logan who provided valuable help in conducting the tests 
analysing data, 
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ANALYSIS OF VISUAL AND PROPRIOCEPTIVE COMPONENTS 
OF MOTOR SKILL BY MEANS OF A DRUG 


Bv D. LEGGE 
University College London 


Skilled manual responses depend upon information about the position of the hand which is to be 
moved. In order to throw light on the way in which CNS depressant drugs impair skill, an 
experiment was performed to study the effect of nitrous oxide on the perception of hand 
Position by vision and by proprioception. The results show that these two modalities were less 
efficient in combination than was either separately. The drug increased the variability of 
performance irrespective of the perceptual conditions. The drug also produced systematic 
changes in constant error, by its action either on vision or on proprioception. Drug-induced 
"nereases in the size of handwriting may be explained as changes which compensate for the 
effects of the drug on perception. 


i Drugs which have predominantly depressant effects on the central nervous system 
Sually impair the performance of complex perceptual-motor skills. This effect has 
Sen SXperimentally demonstrated with several depressant drugs including alcohol 

(Jellinek & McFarland, 1940; Drew, Colquhoun & Long, 1959; Carpenter, 1962), 
arbiturates (Payne & Moore, 1955; Kornetsky, Humphries & Evarts, 1957) and 

aa Oxide (Steinberg, 1954; Legge, Steinberg & Summerfield, 1964). The complex 

Sstudied in these experiments were of various kinds including a simulated driving 
ask, a multi-dimensional compensatory tracking task and handwriting. There has 

Ti relatively little systematic analysis, however, of components of these skills 

xoh may be particularly sensitive to the effects of depressant drugs. 

a execution of complex skills must depend upon the ability to position an 

dae like the hand, accurately in space. Although complex skills involve con- 

erably more than this simple positioning ability (Bartlett, 1948; Poulton, 1957) 
leir execution would be impossible without it. By determining the effects of de- 

Pressant drugs on a simple positioning response it is possible to begin to analyse the 

ects of depressant drugs on more complex skills, and the skills themselves. 

Pi accuracy of rapid hand positioning depends upon two major factors: first, the 

lasst acy with which the position of the target and the initial position of the hand are 

n Secus and, secondly, the adequacy of the implicit response which must be prepared 

er to move the hand. It is important to differentiate between these two factors. 
Tug which decreases the accuracy of hand positioning responses may do so either 
the o ering the perception of spatial location or by acting on the processes underlying 
TSanization and production of a response. 
tedi Some skills positional information about the target and about the hand may be 
abe by the same modality, usually vision. However, one of the characteristics 
tion Ded skill at a task is the transfer of some of the monitoring functions of 
inely din, Proprioception (Fitts, 1951; Fleishman & Rich, 1963). In fact some skills, 
ecg 8 many ball games, cannot be performed if vision is used to locate the effectors 
tion °° Vision is completely occupied with the target. The importance of propriocep. 
18 illustrated by the plight of patients with tabes dorsalis, which results from 
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ion of the dorsal roots of the spinal cord that convey puninnsdisD evt 
riu tic patient has difficulty in walking unless allowed to look at his fect, 2 ^ 
Em oe a roots are involved his hand movements are much more joel 
if the ish ore 1954). It seems likely that in the normal execution of a pens 
= pae i g response proprioception provides information about the tenn 
er ce yr e and that vision provides information about the location v = 
je od organization of an adequate positioning response must then peg im 
a ibulum of these two sets of information which are mediated by 
modalities. 


; ts 
" . * " tive effec 
The experiment reported here was carried out to investigate the a tic gas; 
^ sthetic 
of several doses of a central nervous system depressant drug, the anaest 


> sa al 

nitrous oxide, on the perception of hand position and on the way in which visual at 

i ive information may be integrated. je 
a Sa et to investigate the effects of small doses of nitrous oxide, on con 
cision and accuracy with which the position of the hand is perceived, and in P vision 
to determine any differential effects of nitrous oxide on proprioception € Tio 
The accuracy with which subjects could align a pointer with a stationary targ ait 
was assessed under different perceptual conditions and under different dos at 
nitrous oxide. The effects of the same doses of nitrous oxide were also observe 
handwriting which is a complex over-learned perceptual-motor skill. 


METHOD py the 
jects had to move the point of a vertical stylus, sontrolle? rpe i 
right hand, to a position in line with a horizontal target line slightly to the loft of an! stylus 80 
dicular to the forward line ight. arget line and the her tha? 
that subjects had to position the stylus on an imaginary extension of the target line rat. 
upon the target line itself, 


he styl"? 
The target line could be horefo? 
a 
sented t 


cargo 
: . both j 
perceptual conditions were as follows: bO yP) 


: ively *; 
target perceived visually and stylus proprioceptiv vod 


A A ercor 
target perceived proprio d stylus visually (PV), and both target and sty: lus P 


proprioceptively (PP). 

Three doses of nitrous o 
control. Nitrous oxide w. 
the central nervous System. It i 


+ as 
with e in 
ivi 

tiv jts 


nitrous oxide in oxygen: 


the e 
Xperiment was very much smaller mob id 


ie, D ke ^ 
;."unean & Home, 1960). ; a” 008 


drug, each subj 
experimental treatments. A coun 


Special property that each treatm 
way both order effects and the re: 
replication of the design required 


ch e 
ect performed the alignment task under E pad E 
ter-balanced latin square design was used ev a t EA 
ent preceded each other treatment (Williams, 19 ced: ge 
Sidual effects of a preceding treatment were balan 
four subjects. Two replications were made. 
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Subjects 


The eight subjects who took part in the experiment were right-handed male student volunteers. 
Before taking part subjects were screened for histories of physical or mental abnormality. Each 
subject spent about four hours in the experimental situation and was paid for his services. 


Apparatus 


` 


The 6 in. target line was set in the horizontal plane 20 in. below eye level. The ‘line’ was 
a sliver of chemically blackened brass set in a sheet of sand-blasted white opal Perspex. The 
distance of the target from the subject varied from trial to trial about an average of 12 in. 
The stylus was a vertical steel rod of similar dimensions and shape as a pencil. The rod was 
Suspended rigidly from a gantry which restricted its movement to a line parallel to the subject’s 
9rward line of sight and at right angles to the target line. The distance between the target and 
the line of movement of the stylus was 2} in. The whole of the working area was evenly illumi- 
nated, When the subject was ‘required to perceive the location of the target proprioceptively 
the line was replaced by a metal strip 6 in. long and } in. high. When the stylus was perceived 
Visually the subject controlled its movement indirectly through a displaced lever so that he did 
by (ise reoslve proprioceptive information about its location. Rest riction of vision was achieved 
ofa ee screens. The position of the stylus was displayed by projecting a magnified image 
dien © fixed to tho stylus gantry, on to a sereen outside the subject's field of vision. By incor- 
ting a vernier scale the position of the stylus could be measured to the nearest 0-1 mm. 
itrous oxide/oxygen mixtures and air were administered to subjects from a modified anaes- 
etic trolley through a face mask. All gases were scented with lavender oil. The technique has 
een described in detail by Steinberg (1954). 


P Tocedure 


Ns subject attended at the same time on each of four consecutive days. On each day the 
. Jet carried out the alignment task under each of the four perceptual conditions, while being 
given one concentration of nitrous oxide throughout the session. Five minutes were allowed 
Or: equilibration, (cf. Kety & Schmidt, 1948). During this period subjects copied in pencil digits 
id from a table of random numbers. Tho digits were typewritten and closely spaced. Subjects 
"en encouraged to look at the digits to be copied rather than at their handwriting so that they 
uld not lose their place in the list. . " 

libn n each trial the target line was placed at one of three distances from the subject. Tt was 
essary to provide more than one target position to prevent subjects learning the position of 

© target, In this way subjects were forced to attend to the target on every trial. However, the 
Positions of the target were closely grouped in order to avoid any differential distortion of their 
sie Positions. The distance between the two extreme positions was 0:8 in. Each subject 
Pos; 9 SİX settings of the stylus under each perceptual condition, two for each of the three target 
Sltions, The starting position of the stylus was alternated on successive trials between its 
er far and near limits of travel. Two or three practice trials were given during the first 
ta, lon to familiarize subjects with the task. Subjects were instructed to align the stylus with the 
"Bet line ag accurately as they could and were allowed unlimited time for each alignment. They 


Wer 4 
a encouraged to correct their positioning of the stylus if they wished, but no knowledge of 
Sults was given. 


RESULTS 


ses aceuracy of alignment of the stylus with the target could have two kinds of 
h el change in the variability of performance, and a systematic constant error. 

i e Variability of performance was assessed by calculating the log variance (to base 
ipe LUN SIX settings made under each experimental treatment, the log transforma- 
ene, eng used to normalize the distribution. The accuracy of performance was 
Ssed by caleulating the mean error of the six settings. These two measures we 


: re 
analysed separately. 
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Variability 
The variability of alignment under the sixteen experimental treatments is illustrated 
in Fig. l. Each point on the dose-response curves represents the mean of the scores 
from eight subjects. Mean scores are shown in Table 1. The data were analysed in 


a three-way classification analysis of variance (Table 2); a mixed model was assume 
(case XIV, McNemar, 1955). 
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VP, target perceived venale eight subjects. VV, both target and stylus perceived vist" i5 
stylus visually; PP, both "oie e ama ih PV, target perceived proprioceptiv® 
Stylus perceived propriocepti 
ptively. 

Table 1. M i * 

: Mean variable errors (I i e 
; 919 variance 'uncti nitrous ved 
n oxygen for four different per i, ge fs e 


: ceptual TB ree 
visually; VP, target patio? wean ae VV, both target and stylus P reito 


e 
KODFIBoontt : stylus proprioceptively; PV, target PO”. oly 
Proprioceptively, stylus visually ; PP, both target and diate oe propriocep"” 


uias Nitrous oxide in oxygen (95) 
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VV ‘ 
~0-675 
P oa — 0-278 — 0-390 =o 
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Three main points emerge. First, the drug clearly produced a general increase in 
variability of performance. This effect is linear; the larger the dose the greater the 
variability. Secondly, the different perceptual conditions were characterized by 
different, degrees of variability. When both target and stylus were perceived visually, 
alignment performance was considerably less variable than when they were both 
Perceived proprioceptively. However, when information from the two modalities 
had to be combined (conditions VP and PV) performance was more variable still. 
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"m r . — ; " 
lable 2. Analysis of variance of variability of alignment (logy) variance) 


Source ss D.F. MS F P 
Dose 3-140 3 < 0-01 
Linear 3-106 1 < 0-001 
Quadratic 0-026 1 N.S. 
; Cubic 0-008 1 N.S. 
Perceptual conditions 136-810 3 < 0-001 
VV vs. (PP, VP, PV) 135-421 1 < 0-001 
PP vs. (VP, PV) 1-159 1 « 0-05 
_ VP vs, PV 0-230 1 NS. 
Subjects 7 "- 
Dose x conditions 9 N.S. 
“ORE X subjects 21 < 0-05 
Conditions x subjects 21 0-245 < 0:01 
esidual 63 0-092 — 
Total 156-819 127 — =a = 


* on 
.. Tested against dose x subjects mean square. t Tested against conditions x subjects mean square. 
E J q 1 


"=P > 0-05, 


Table 3. Mean constant errors (mm.) as a function of dose of nitrous oxide 
in oxygen for four different perceptual conditions. (cf. Table. 1) 


Nitrous oxide in oxygen (%) 


Perceptual " 


condition 0 (air) 10 20 30 
VV —1:08 — (0-87 —0-83 — 0-90 
VP —12-95 — 8-22 — 1-93 — 8-00 
PV 18-52 8.22 4-04 1:39 
PP —2413 — 5:80 — 0:87 — 14:30 
Thi 
n ; " : 
con, ak there was no interaction between dose of nitrous oxide and the perceptual 
1010: 


eiten ns. The increase in variability caused by the drug was unmodified by the 
Sten m conditions under which the alignment was performed. This lack of evi- 
to the of a differential effect of the drug on proprioception and vision cannot be due 
in : oe size of the experiment. The observed value of the Residual Mean Square 

€ 2 is equal to the theoretical value calculated from the sample size (Bartlett & 


en : : = i 
à ore di 1040), indicating that no increase in precision would be obtained by using 
Subjects 


p 


Constant error 


A . 
uelysis of constant errors was complicated by the fact that when both target and 
un de Were perceived visually, stylus settings were considerably less variable than 
the other perceptual conditions. This heterogeneity of variance could not be 


Sim i 
Py removed by a transformation of the scale. By inspection, it was clear that th 
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i j j hen 
Table 4. Analysis of variance of constant errors of alignment: alignments made w 
both target and stylus could be seen were omitted from the analysis 


P 
Source SS " D.F. MS s 
Dose . 989-8 3 E ds NS. 
Perceptual conditions 4843-4 2 2423 E NS. 
(A) PP vs. (VP,PV) 764-6 1 764-6 < d 
(B) VP vs. PV g 4078-7 1 40 78-7 ie 
Subjects 20234-2 7 2890-6 ^ NS 
Dose x conditions 1705-1 6 pi T < 0-01 
Linear dose x (B) 1159-0 1 8:96 N.S 
Residual 546-0 5 < 10 NS. 
Dose x subjects 3667-4 21 1 < 0-001 
Conditions x subjects 20679-7 14 ll- S 
Residual 3 42 = js 
Total 57548-2 95 — — 
* "Tested against conditions x Subjects mean square. = P > 0:05. 
20 
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Fig. 2. Constant er Pen. cie i endis tion of 
Z rion š 7 
‘ors of alignment for four different perceptual conditions as a fune 
nitrous oxide dose, Key as for Fig. 1. 
q dat? 
drug had no effect at an 
$ all on the stylus settings under this condition (VV); 
collected under the VV condition 4) 
Were omitted from the analysis rable 
Two main trends in the data a s ance: ( pË 
, i Te revealed by the analysis of varianc itio 
First, the difference between constant errors und different perceptual con spe 
; : nder differe: per 
varied from subject to ipei. 


Subject, Secondly, nitrous 
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constant errors under the two cross-modal perceptual conditions. The interaction 
Was a linear one indicating that the underlying drug effect was itself linear. 

Fig. 2 shows the effect of three doses of nitrous oxide on the constant errors under 
the four perceptual conditions. Clearly the drug had no effect when both target and 
Stylus were perceived visually, and it had little effect when they were both perceived 
Proprioceptively., However, the dose-response curves for the two cross-modal per- 
Ceptual conditions (PV and VP) are very nearly mirror reflexions of each other. 


V. 
Vhen the stylus could be seen but the target could not, the constant errors became 


10 


Mean digit height (mm.) 


Uu 


0 10 20 30 


Nitrous oxide in oxygen (95) 


Fig. 3. Height of handwritten digits as a function of nitrous oxide dose. 
^ S iui; more negative as the dose increased. When the target could be seen but 
Ylus could not, the constant errors became more positive with increase in dose. 
expectet Stylus could not be seen this simple relation Was complicated by an un- 
Constant y large negative constant error at the highest dose. This unexpected negative 
error also occurred when neither the target nor the stylus could be seen. 


"á 1 ee d 

iste likely that these anomalous errors under conditions VP and PP may be 

highe "ted to the way in which the stylus was perceived proprioceptively at the 
s > 


While t dose of nitrous oxide. The stylus had to be both located in space and moved, 
tedus t target had only to be perceived. The highest dose may have markedly 
“Nusa, factual sensitivity and it is possible that subjects gripped the stylus in an 

Stooiva Way in order to move it. This change of hand-grip may have altered the 


Erro Position of the stylus and hence produced these unexpected consta, t 
T Scores, " 


16 
Gen. Psych, 56,2&3 
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Handwriting 

Fig. 3 shows the effect of nitrous oxide on the height of handwriting. The vertical 
height was measured of the last five figure ‘nines’ in the list of random numbers 
which was copied by the subject at the beginning of the experiment. This measure 
was shown to be a relatively sensitive index of drug effect in an analysis of the effects 
of nitrous oxide on handwriting by Legge et al. (1964). Handwriting size increased 


DO 
as a linear function of dose of nitrous oxide (F = 29-44; D.F. 1, 21; P < 0-001). 


Discussion 


. H . t © T. 
e implication is that when Laien a 
proprioceptive spatial informat xclusio? 
onal process is imperfect and its H 


i ner is alone, Th ed lit mu 
tion. Rud 18 problem has receiv: aqs 
B pe ce Tueber (1963) report that the decrement in the Maller-LY® 1 go 
transfers from eds Induced simply by exposure of the subject to the 7. 4 t0 

0 vi i à ; f 
discover any transfer of "om and vice Versa Ettlinger (1960), however, gu 


sal 
ively high level one, already far remove f siet 
eid rig of information 1n either modality, Aerrtivdlys the p 
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mental subjects, Kelvin & > poriments may have been the species of n / 
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There hay 


€ been few studies of the precision of cross-modal localization, but G. H. 
Fisher ( 


personal communication) and Merton (1961) both report greater variability 

When visual information is compared with proprioceptive information in a direction- 

indicating task than when similar comparisons are made within either modality. 
ese findings are consistent with the results reported here. 

The constant error data from this experiment illuminate the relation between 
Visual and proprioceptive representations of the same physical location. For the 
Subjects in this experiment there was a consistent mismatch between visual and pro- 
Prioceptive Spatial localizations. This mismatch is illustrated in Fig. 2 in which 
constant error scores are shown for the two cross-modal perceptual conditions. In 
Eeneral the visually perceived stylus had to be placed closer to the subject than did 
dd Proprioceptively perceived target in order that the stylus should be perceived in 
Me with the target. The opposite relation held when the opposite combination of 
Modalities obtained. A similar result was reported by Sandstrom (1951) although 

is particular sample of subjects produced a distribution of constant errors with a 
Mean of Opposite sign. Systematic differences between visual and proprioceptive 
“pressions of size are reported by a number of authors including Jastrow (1886), 

a (1936) and Raffel (1936). Variation in the sign and the size of the mean constant 
es among different groups of subjects shows that although the cross-modal rela- 
"na for a articular subject may be stable, there are large individual differences in 
this Telation, 

i The evidence, both past and present, strongly suggests that there is no simple way 
Which information mediated by vision and proprioception may be integrated. 
Firs » there is increased variability when these modalities have to be involved in 
ngle performance which suggests the introduction of an additional mediating 
"OCess, T his process might translate information from the terms and units of one 
modality into the terms and units of the other. Secondly, there is good evidence of 
p Sic mismatch between these modalities. The role of proprioception in motor 
ills clearly needs to be re-examined. ] . : 
` 5 Shows that as the dose of nitrous oxide was increased the visual-proprio- 
“€Dtive Constant error altered systematically. There are two simple hypotheses which 
= account for this result. The drug may have acted to increase visual apparent 
= €, or to decrease proprioceptive apparent distance, or to produce both effects 
afi u “neously, Tt cannot be inferred from this experiment which modality was 
e by the drug 

Stein erg, Legge & Summerfield (1961) have shown that nitrous oxide alters judge- 
‘tac aes at a distance; a result which might ris di E — ee 
à f, n Istance. A near variable stimulus was to be se PI qu : ap [v] 
: Standard, The subject manipulated the near variable stimulus with his right 
e he effect of giving the drug could have been to i i. disproportionate 
dis, o ^n the apparent distance of the far standard "wo us. deis W hile the 
Was ne of the far stimulus was perceived visually ; that or tae near variable stimulus 
in "Re “recived both visually and proprioceptively. Thus it is possible that th 
bein increase in the adjusted size of the near stimulus could have been d 


Ubon ha eived as closer than it really was. Alternatively, the drug could ha 


a si 


e drug. 
ue to its 

Ve acted 
Centra] mechanisms subserving constancy rather than upon the Perception 


16.9 


252 D. LEGGE 


of distance. The problem of determining which modality was affected by nitrous 
oxide remains unsolved. 

Although the effects of nitrous oxide on perception are not yet fully understood 
it is instructive to examine how far the drug-induced increase in handwriting 8178 
may be explained in terms of the changes in perception observed in the experiment 
reported here. Three effects on perception may be considered; an increase in visually 
perceived size possibly caused by an increase in visual apparent distance, à decrease 
in proprioceptive apparent distance, and a decrease in the precision of information 
mediated by either modality. Each effect could produce an increase in handwriting 
size. 

Handwriting samples were obtained from subjects who copied either a passage of 
prose (Legge et al. 1964) or typewritten digits (vide supra). If size of handwriting 15 
a function of the apparent size of the typed sample an increase in the apparent size 
of the letters or digits to be copied would produce an increase in handwriting size. 
The weakness of this explanation is that it depends on the assumption that the siz? 
of subjects handwriting is influenced by the apparent size of the material the 
are copying. 


. A more plausible explanation may be advanced in terms of a drug-induced decreas? 
us c: proprioceptively perceived size of handwriting. If handwriting is norme 
maintained at a particular size by some monitoring sys -— s s nn in handwriting 
size would result if the monitoring system d diss D mal 
Subjects were encoura be copied rather tha the? 
BA to have been oan if handwriting 
increase in handwriting size coul 


=e area MM: oe an ie 
; 4 iting size e action 
drug on proprioception. g size induced by the 


l , ritte” 
advanced in terms of the ease with which hand id? 
Toprioceptively. It has been shown that nitrous jo- 
ceptual performance. This effect would reduce P! — 
: . on H » 
onitor their handwriting proprioceptively; gne tter: 
p 


pd 


Clearly further experiment ; i -induced reduction in pr oprioceptive ps 
shoul ent is necessary to d r xpla cb 
ould be accepted. Experi y etermine which of these ex} e 
of tl à periments are also ne 7 ai ; far n 

hese drugs on handwriti x cessary to determine how tio 
Other features of motas "e "ze can be attributed simply to effects on Per’ ol 
$ m 7 nu 
stimulus registration and da ay be involved such as the speed and accu 164) 


the accuracy with which a so E movements (Bartlett, 1948; Provins, Ü 9e 
od z epres s H 
1957; Begbie, 1959; Henry & Harrison, 1901)" of the response is prepare ple! 


: TO" 40 
to discover whether a, single ex n: ide 1 


other depressant drugs like a] 
Blair, 1953; Tripp, Fluckiger 


planai It would also advance t oxid? & 
18; : itrous OF, S 
10n could be generalized from nitro" abi” 


cohol which also increase handwriting siZe 
&W einberg, 1959), 
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EXPERIMENTAL ANALYSIS OF DRUG EFFECTS ON HUMAN 
PERFORMANCE USING INFORMATION THEORY CONCEPTS 


By COLIN BERRY, MICHAEL G. GELDER AND 
ARTHUR SUMMERFIELD* 


Birkbeck College and University College London 


Effects of differences in mean stimulus information under two coding conditions and of sub- 
anaesthetic doses of nitrous oxide (15, 25 and 35% in oxygen) were investigated in two card- 
Sorting experiments with student subjects In Expt. I, in which conventional playing cards 
Were sorted into two, four or eight classes, the effect of the drug increased significantly with task 
complexity, Expt. II, in which cards bearing numerals were used, showed a drug effect which 
Was independent of task complexity measured by mean information per stimulus. Neither result 
was to be explained in terms of a drug effect on the motor component of the tasks. Reasons for 
the difference between the two experiments are considered in relation to other evidence of effects 
9f centra] nervous depressant drugs on input processes and short-term memory. The value of 
Communication models for research on effects of drugs on human skills is discussed. 


Differential effects of drugs on human behaviour can facilitate analysis of the 
Chaviour into component processes. A characteristic of more complex forms of 
. chaviour is that they involve sequences of receptor and effector processes organized 
in time, rather than isolated reactions. Information measures provide a convenient 
asis foy comparing task complexity and efficiency of performance for sequential 
tasks (Summerfield & Legge, 1960, 1964), and for expressing dose-response relations 
a analysing drug effects. Concepts derived from information and communication 
oo facilitate analysis of drug effects in other ways (Berry, Gelder & Summerfield, 
83) Processes like perception, discrimination, choice and motor co-ordination can 
e discussed in common terms of ‘coding’ inputs into outputs. Coding in this sense 
can be broken down into a sequence of stages, or mechanisms, intervening between 
put and output. Schemes of this kind have been suggested by Welford (1960) and, 
SES elaborately, by Crossman (1964). Perception, discrimination, choice and so on 
=e Interrelated by this approach, instead of tending to be discussed as distinct pro- 
mae Furthermore, experiments can be devised with the object of looking for 
Selective effects on different stages in the functional chain by different drugs. This 
ml involves using tasks with different degrees of dependence on the several stages. 
ida kinds of task have been used, sorting tasks (cf. Crossman, 1953) which are dis- 
ad €re, and tasks involving simple numerical coding (cf. Alluisi & Martin, 1958; 
a nerfield, 19646, p). 
i teinberg (1959) has suggested that central depressant drugs may act selectively: 
ae impair newly acquired rather than well-established behaviour, (b) to affect 
erent kinds of performance differently, for example motor tasks and more intel- 
ual tasks, and (c) to have a greater effect on performance, the more complex the 
9r some kinds of task, including sorting tasks, complexity can be measured 
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E à sd imber of 
in terms of the 'average information im signal', aa vine being pos 
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So iios quens id du complexity, tends to be related ernie 
iis ar iar time is used as the measure of performance. This relation E 
gar i i rhich to evaluate drug effects. i -— 
E em sani Saale ga nir usefulness of a bovem task for nie ey 
den of the central nervous depressant drug ames wae aie monorail 
1953) required subjects to sort a pack of playing cards into di 3 " convertion 
to the symbols on each card. Although Crossman originally bre bid involves 
playing cards, other kinds of visual material can be used. A task oft a dg id 
not only selective coding in the sense of choice or decision, but also pe tmosemelib 
placing the cards on appropriate piles. While for many purposes a ail the two 
factor is not desirable, a sorting task allows comparison of drug we te which 
elements of choice and movement. Crossman mentions another diffic tion 
arises when conventional playing cards are used Al For 
without also changing other factor: 
this reason, after a preliminary exp 
were used in a second experiment. 
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Experiment I 
Method 


ie i z " - sorte 
conditions in this experiment. Each pack to F1 ae 
ng cards. One pack contained sixteen red and other 
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: : sorted into four 
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, symbols re 
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time taken to sort all the card 
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Twenty-five per cent nitrous oxide in Oxygen was considered likely to produce i 
cffects without causing distress or loss of ; 
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Analysis oO dr ug ects 


rds face down, and 
, ET ack of cards face 5 
bject sat at a table holding the w seem T a gaidy as possible in piles 
Procedure. The su ri um over one at a time and to place t ae = pinos the piles where they 
yas i ^ » d Mer E Sha: xcd ree a S 3 - 
ons instructed to Fas irds were not used and subjects were p* ascending order of difficulty, 
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c re e oi ‘to avoid errors asfar as possible, f the instructions, subjects generally 
Consistent, with accuracy, pack were allowed. (In spite o Es IGGEcHD D of 144.) Subjects 
^ vo errors per pack ma e repe » 
rid than two vei —€— xeoKeUs Aly ONE run had a ait oe the main experiment and 
tu pl T "n js Punt be breathing scented air in ie € or would be given a low dose of 
a that they wi É inue lave air B 
) 3 ər continue to è but that they would 
hat j sec £ hey would either c "e o strange bu a ` 
hat in the second half tl y hey might perhaps fecl a littl jects were not paid thev 
nitrous oxide. They were told that the dieu ith the task. Although subjects d li ! Sip 
3 , i; "severe wi x zell and to discuss the. 
Not los " sness and should persevere 3 er to do we 
ae" "serere cis S ies ds lev were, for example, eager 
ned to be nghly motivated; . 
Tesults after the experiment. 
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X breathed air, the me h 
In the first period, when both groups ; oo eic 
contro] E hens slightly longer than those for the experim g B 
bini D 
relation w 


1 period when the experimental group had the i 
Si ee p i i g lf of the experiment, 
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tant, indicatin that the effect of the drug differs a res for the air group do not 
Regression agesin confirm that the porn nae Hhahou Etnf theres fa & 
in qe TC timulus info: 10n, . eh, 
tease Significantly with increasing s roup (F = 6:59, D.F. 1, 24; P < 0-05; no 
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Mean stimulus information (bits) 


A. Mean times (sec) 


and a control movement condition (M): sub 


Mean stimulus 


Table 1 


Drug group (n = 9) 
E 
Isthalf 2nd half lst half 2nd half on? 
n "n " iffor 
information (air) (air) Difference (air) (drug) 116 
2 tite “a 2580 ~121 25-66 26-81 3°87 
3 bits bn bs —0-83 34-20 38-07 445 
45-76 —0-78 45-40 49:85 .02) 
M (16-08) à 
(15-21) (—0-87) (18-20) (15:22) 


B. Analysis of 
Source of variation S.S. 


D.F. 
Drug condition 97-54 
Error (a) 61-76 a€ 
Stimulus information 38-00 2 
8xD 144-43 2 
Error (b) 200-59 32 
Total 542.93 53 


variance for the three Sorting conditions 


Ue 
M.S. F 1 
< 0:00 
97-54 25-30 p» 
3-86 — .05 
0 
< 
19-00 3-03 = 0-00! 
72-21 11-51 = 
6-27 
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doubt about the stimulus material. The subject has to attend to different aspects of 
the cards in the three tasks. Mean stimulus information, as we have defined it, 
therefore depends on several differences. For example, some of the information on 
the cards which is used in sorting into eight classes becomes irrelevant when the same 
cards are sorted in four classes. There is a difference in coding between deciding 
whether a card is red or black and deciding whether it is a court or a number card; 
and it is possible that the drug might affect such perceptual discriminations. A second 
experiment was therefore planned which was free from these complications. 


ExPERIMENT II 
Method 


Plan. Special packs of cards were prepared for this experiment: blank playing cards were 
n and arabic numerals between ‘1° and ‘8’, 1 in. high, were stencilled on them. There were 
Ly -eight cards in each of four packs which were made up as follows: (i) twenty-four each of 
ip ang ‘2°, (ii) twelve each of ‘1’, ‘2’, ‘3° and ‘4’, (iii) eight each of ‘1’ to ‘6’, and (iv) six each of 
in p gn. Numerals wore chosen because they enabled each card to carry a single symbol of one 
dits » lo. digits, unlike the more complex playing cards. They are also familiar symbols, giving a 
2d Sotyped relation between the stimulus cards and the ordered sequence into which they can be 

red, i.o. a high degree of S-R compatibility (Alluisi & Muller, 1958; Deininger & Fitts, 1955). 
a addition, they enable comparisons to be made with other experiments in which numerals 

9 used as stimuli (cf. Summerfield, 1964, b; Posner, 1965). ; : 
God ere were therefore four task conditions. The four packs were used respectively for sorting 

ealing into 2, 4, 6 and 8 classes, so that the mean stimulus information per card for sorting 

ns Well shuffled packs was 1, 2, 2:59 or 3 bits. In order again to investigate movement all sub- 
pete were required to deal the cards into piles, as well as to sort them. The measure of per- 
mance was the time taken to sort or deal each pack of forty-eight cards. Two kinds of errors 


w 
re also recorded: misplacements and dropped cards. 


Table 2. Plan of Expt. I1: W illiams’s square design (cf. Cox, 1961) for four tasks 
(a, b, c, d) x four doses (Di; D, Ds, Dy) for eight subjects on 4 days 


Days .. I II III IV 
Periods... — ` ^ r — r 
Subjects 1234 1234 1234 1234 
1 D D, D; D, 
axed dcba cadb bdac 
2 D, D; Di D, 
dcba abcd bdac cadb I 
D. 
3 D, D, D; i 
bdac dcba cadb abcd 
4 D, Da D, D, 
cadb abcd bdac dcba 
5 D D; D, 
"en bdav dcba abcd 
6 Da D; D, D, 
bdac cadb abcd qm H 
T D; D, D, s 
abcd bdac dcba cadb 
8 D, D; D D; 
dcba cadb abcd bdac 


p. htoo doses of nitrous oxide were used: 35, 25 and 1596 in oxygen, with air as a control. 

losin, OUS experience suggested that 35 % was about the largest dose that could be given without 

Biven x 9 co-operation of some subjects; 25 % allowed comparison with Expt. I. The gases were 
8 before, Subjeets were given a different dose on each of 4 consecutive days. 
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"'illiams's square 
's allowed the use of Williams's : 
-— tasks, four doses and four days a egisse 
The Pub rere Dmm modified by Legge (cf. Cox, 1961; Legge, vea bees D m 
Catamaran iti an equal number of times in each position, a 
ch condition occurs q ie 
Pt pong d prio each condition immediately follows every other € apes 
Latin ep zs à el This siminal order effects and has the advantage over e s 3 S renis $ 
miii to be estimated, and corrections e | 
i i ffects of each treatment to " io due 
Sees eren is gi in Table 2. The four dose conditions 4 wa 
vhich was used is given in Ta A ou ones aes 
necessary. Lu) ccn Panes I and II. The four task conditions are ordered in pen par 
onte each dose condition, which are incorporated in the overall plan. pes 5 
E the subject first dealt and then sorted the pack. The four main pre , d 
e dm treatments on successive days; each daily session. is divided into four min i 
-—— therefore shows the sequence of treatments within periods for one subject. ` ve gal 
allocated at random to the rows of the plan, and as a result it was possible to estima 
E N 
both dose and task conditions. me RM 
Mo Eight students took part (five men and three women, mean age 20-5 y 


B . nitrous oxide. 
18-25 yr). All had taken part in previous experiments on card-sorting under nitrou 
Their expenses were paid. 


this 
Procedure. As before, subjects sat at à table and turned the cards over one ke me and 
experiment marker cards were laid out in numerical order from left to right on the mphasize 
subjects were instructed to place their cards on top of them. The instructions aga i om pack 
speed and accuracy, and discouraged correction of errors. A maximum of three error ct. calli 
was allowed (only one subject made this number). The experimenter began each run Es back: 
“Ready go!’ and starting a stop-watch. When dealing, subjects were encouraged to S 


to 
e . + than 
holding the pack in one position, and to make a distinct movement for each card rather th 
move the pack along the row of cards. This reproduced 


the cards were actually sorted. The first session inclu ' dor 2 
subjects breathed through the face mask and dealt and sorted each pack onco in the or 
6,8. 


Performance times were sub 


their distributions. Preliminar 


H H ect 
The analysis of variance on sorting times (Table 3 B) show highly significant eff ; 
of tasks, i.e. stimulus informati 


8 
ysis of movement times 


task 

GF < Tyordfüoss ys showed no significant effects of es be” 

i paw = TRDE. 3, 68; Psi igni difference?" in 

tween subjects (F = 1595 p V. 7, 63; 0 0), but significant di a 
was not significant, igni 


ion 2 
A fi d 01). The tasks x doses interactio” 1 fosi 
significant oses x subjects interaction (F = 2:31, DF” itt 
; : SEDI : = 231, ri 
P £ 0:025) revealed individua] differences in Susceptibility to the drug, 2° : 
sorting times. Thus, while differ 


T "m 
| c 1. On movement times. Fig. 2 shows that anot: 
times increased progressively with increasing dose, but tha: i j 

Regression analyses for sorting time on stimulus informati 
no significant departures from 


linearity; 
ferences between the regression 


“ 


chat d 


——Xmrm 
C ———— — — lc 
nc | [ai | 


Analysis of drug effects on human performance 261 


Table 3. Experiment IT 


A. ; ; ; 
Mean times (sec) to sort 48 cards under four sorting conditions (1, 2, 2-59, 3 bits] 
stimulus) and four movement conditions at four dose levels of a drug 


Dose (95 nitrous oxide in oxygen) 


No. of Mean stimulus "d 
classes information bits 09% (air) 1596 2596 35% 
Sorting 2 1-00 40-7 42-9 axis 
4 2-00 46:8 50-8 53-9 
6 2-59 51-5 55-6 58:5 
8 3-00 55:3 60-1 63-6 
Movement 2 = 242 22.9 244 
1 — 23.2 28-7 
6 — 22.3 -3 
8 = 8 9 
B. Analysis of variance for the four sorting conditions (T) on 
transformed sorting times (100 log time) 

Source of variation S.S. D.F. M.S. F (Error) P 
Sorting tasks (T) 3420-31 3 1140-10 65:7 (a) < 0-001 
Se) 522-89 3 194-30 17-6 (b) < 0-001 
Subjects (5) 1369-57 7 195-65 = = = 
Interactions 

TxD 8-80 9 0-98 <1 (c) N.S. 
T xS (a) 364-42 21 17.35 5-56 (c) < 0-001 
Dxs(b) 23147 21 11-02 3:53 (e) < 0-001 
Residual (c) 196-76 63 31.23 — — — 
Total 617422 127 = = = — 


Table 4, Multiple regression of transformed sorting times (100 log time) 
on tasks (stimulus i nformation) and dose 


R Source of variation 8.8. D.F. M.S. F 13 
9Eression on 
Tusks 341-0 1 341-0 246-2 < 0-001 
*rement from dose 555 1 55:5 40-1 « 0-001 
` 
(asks doso) 390-5 2 1984 = ES 
Residual 173-4 125 14 — — 


Sion J; 
n lin & " H 
e ; 7 : = " 
b Sin Fig. 2 are therefore parallel. Dose-response relations were also examined 


Tegpeca: 3 à : 
Tess care P 
Bression analyses for sorting time on dose. At each level of stimulus information 


le Pe, z 
but. Eression due to pooled slope was significantly different from zero (P < 0-01), 
ignificant. The dose-response lines 


ce differences between slopes Were not S ue B 

ulti herefore effectively parallel also (cf. Summerfield, 19644 fig. 1, p. 73). The 

th Ple regressions of sorting time on both stimulus information and dose showed 

effect highly significant component of the total variation was attributable to the 

Shang of dose (cf. Table 4). Stimulus information, however, accounted for a larger 
Line f the total variation than did dose. : " l 

So tS were few under all conditions (cf. Table 5). Tn the sorting task there was 


e E ^ 
tendency for misplacements to increase at the higher doses, but no tendency for 


Wer 
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the number of cards dropped to do so. These results are consistent with the other 
finding and again imply that in this task the drug mainly impairs information pro- 
cessing rather than movement. 


Table 5. Incidence of errors (dropped and misplaced cards) in Expt. II 


A. Dropped cards B. Misplacements 
= F 
Dose No. of stimulus classes Total No. of stimulus classes Total 
(%N:0 oo SS eS 
in O,) 2 4 6 8 2 4 6 8 
0 (Air) 0 0 2 1 3 2 2 0 4 8 
15 0 0 1 0 1 0 2 2 3 7 
25 0 0 0 1 1 4 2 2 7 16 
35 1 0 0 0 1 2 5 4 2 13 
DISCUSSION 


The results of the second experiment do not s i Hauts 
u the eile 
of a depressant drug increase pport the hypothesis that 


In Expt. IT, movement time i i 5% 
2 Increased slightly wi and 39 | 
doses, but Fig. 2 shows that there was Me re bce ii ork dis- 


ovement and sort; ith 


ying cards in the three tasks 2” task 


Sorting task in Expt. IT In Expt, I ich Were present from the beginning o gpa” 
e had ch DY. L, the subject h jtioD ^ ug 
chosen for each of the Tila s J ad to remember the pos en 
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pilot experiment for Expt. II without marker cards. Compared with Expt. II 
therefore, both the stimulus material and the absence of markers combined to impose 
a greater load on memory in Expt. I and the interaction of dose and stimulus infor- 
mation could have arisen from an impairment of short-term retention and retrieval 
by the drug. This conclusion is supported by an earlier finding: nitrous oxide produced 
a Systematic, dose-related impairment of short-term retention and retrieval in a con- 
tinuous task which required oral responses to be made when sequences of numerals 
Were presented visually (cf. Summerfield, 1964a). The difference in the interaction be- 
tween stimulus information and dose of drug in the two experiments can therefore be 
Tegarded as indicating that task complexity was not equally well graduated by the 
Measure of stimulus information in the two cases; it confirms arguments of other 

kinds that additional processes intervene in classification tasks like sorting playing 

cards which involve differential selection and suppression of aspects of the stimuli 

(cf. Posner, 1965.) 


Sorting 

9 
& 
f 
a 
o 
Ll 
o 
a 
o 
E 
3 
8 

3 4 

^ 06r 35% 

zo 

EX pi DE Movement 
“<== E=$ 25% 
sai Air 


Mean stimulus information (bits) 


Fig. 2. Mean sorting time/card for four tasks (1, 2, 2:59, 3 bits/stimulus) at four dose levels of 
Nitrous oxide in oxygen (0%—air, 15, 25, 35%), with times for movement only for com- 
Parison, in Expt. IT. 


Generally, there are three points in favour of communication models in studying 
ects of drugs on behaviour. First, sequential tasks are more readily discussed in 
Pi, of such models than by S-R theories, and it is these tasks which are most 
Presentative of every day skilled performances. Side effects of therapeutic drugs 
n industrial and other skills such as driving are an important practical problem and 
in Periments on effects of drugs on sequential tasks are relevant to it. Secondly, 
rmation theory deals with the question of ensemble size, i.e. the effect of the 
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i i d 
i i rred but did not. This factor is on discusse 
pe i E cone onal be extended to = mo 
deis i i ful framework for discussion of effec E 
communication model provides a use eni ieri ied 
in terms of functional locus of action. As : = : dar Se 
O E “hie € a bret of drugs: it is essential to have 
for a proper eni reta pharmacological and physiological data = pe 
f i the disciplines is at present sufficiently advanced for sadan i ts 
pm directly linked with those in any other. The communication model yon 
nervous system to be described in terms of a block diagram like that of s impe 
system. It gives a broad functional scheme into which details of structu 


X ee s lysing 
fitted as new results are obtained. A complementary possibility is that of analy 
processes involved in skilled performance by 


(Summerfield, 1961). If a drug selectively impai 
mechanisms, the contribution of this stage to th 
be examined. Our findings can be represented 
similar to those discussed by Broadbent (1958) 
with a pre-central input stage, a central codi 
stage arranged in sequence to for: 
and long-term memory. 


s 
using drugs as experimental ioe 
rs one stage in a chain of functi e 
e performance of different t 
in terms of a simple block a 4), 
; Welford (1960) and Treisman (1 
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ng or ‘choice’ stage, and an eff 
m a channel 
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PERSONALITY AND THE INVERTED-U RELATION 


By D. W. J. CORCORAN 
Medical Research Council, Applied Psychology Research U nit, Cambridge 


Difficulties with the postulated inverted-U relationship between performance and arousal are 
discussed, with emphasis upon individual differences in level of arousal. Predictions concerning 
the behaviour of highly aroused and less aroused subjects are made and tested in two experi- 
ments by relating changes in performance associated with increased and decreased levels of 
arousal to introversion score. Introverts behaved as highly aroused subjects were expected 
to and extraverts as less aroused subjects. 


Many workers have found the assumption of an inverted-U relation between per- 
9rmance and level of arousal to be useful. Some (e.g. Hebb, 1955; Malmo, 1959; 
uffy, 1949, 1957) have used the relation as an aid to theory, while others (e.g. 
‘Teeman, 1940; Courts, 1942; Schlosberg, 1954; Stennett, 1957) have found that the 
relation fits their data. The assumption is, however, loose and ill-defined since with 
a U function direct prediction of the value on one axis from knowledge of the other 
1$ not always possible. It is the purpose of the present paper to show how this 
ifficulty may be overcome and to demonstrate that some of the predictions the 
assumption yields may be valid. 


Performance ——> 


X; BA 25 


Arousal —— 


Fig. l. Performance level Y,, Y would result from arousal levels X, or X, Given values Y, 
3 it is possible to determine whether arousal level is at X, or X, by manipulating level of 
arousal and noting the directional change in performance. 


An inverted-U relation implies that for any given value of performance except the 
imal there will be two possible values of arousal. So that although level of per- 
ormance is predictable, given level of arousal, level of arousal cannot be ascertained 

Srely from knowledge of performance. However, there are instances in which the 
Prediction is possible. Suppose level of performance was initially at Y, in 
8.1, that with increased arousal performance rose to Y, and with a further increase 
Opped to Y; (where Y, = Y,). Given only the value Yi/Y, level of arousal could 


5 ousal gave rise 
Performance level Y, either by increasing level of arousal or by decreasing it. If 


17-2 
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arousal is lowered then Y, will increase, but Y, will decrease; V uada A H s 
inerease and Y, decrease if level of arousal is raised. Thus level of arousa E din 
predicted from level of performance, provided that the former is varied M Pe. 
resulting performance level compared with that before level of arousal was chang 


Individual differences in arousal 
The method suggested to determine level of arousal when level of performance 
only is given can be applied to discover which members of 
operating at high levels of arousal and which at low lev 
are high in arousal may be considered t 
Fig. 2 somewhere to the right of the | 


a group of subjects d 
els. A group of subjects W » 
9 occupy a position along the abscissa. 
Ow arousal group. Although the followIne 


m 
~ 


Performance ----> 


L 


H 


Arousal —_, 
Fig. 2, Groups L and H both perform at h, 


. ] ias ible 
) ] l. By manipulating level of arousal it is possi 
to determine which group is at H and which at L. 


GE e : zo gro 
ed by these a eien a Epi ees Reip alon 
is to the right of L. Thus, for example: a H 
er, L would improve more t " 

sal were decreased. 


od of changing arousal gin a y % 
9 whether they would be lik6* (5 


4 use 
ið ‘al. Deprivation of sleep was V et bY 
n € 64a), ‘The Hn = at was I " d 
ih lating the results to scores of Introversion Since tl suis i ayer ce indi ra 
that level of arousal may pe , elated to q r ere is some eviden 
1958; Claridge, 1961 egree of 


: Cere? 
Introversion (Shagass & ES 
; Colquhoun & Corcoran, 1964)- 
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ExPERIMENT I 
Method 


Task, subjects and procedure 


The *five-choico serial-reaction task^ (Leonard, 1959) was used. The subject was seated in 
& sound proof cubicle, facing a display of five bulbs arranged in a pentagon on a board slightly 
Inclined from the vertical. On the table before him was a board on which were inset five cireular 
brass disks, cach 1} in. in diameter. The disks were set in spatially equivalent positions to the 
fivo bulbs, The subject was instructed to tap the disk corresponding in position to the bulb which 
Was alight at the time. By tapping the disk, the light was switched off and another bulb lit. The 
Sequence in which the bulbs light repeats itself after 100 taps, and was thus effectively unpre- 
dictable. The apparatus was designed to yield three separate measures of performance: hits, the 
number of times the subject tapped the disk corresponded to the light; errors, the number of 

imos an incorrect disk had been tapped; and gaps, the number of times an interval of 1} sec. 


had elapsed between responses. . . 
n ‘incentive’ condition (HM) was used as a method of increasing level of arousal. Sleep 


deprivation was used as a de-arouser. The incentive was created by the following instructions: 
here is no time limit to this task; when you can finish depends how well you do. You have to 
make 3000 correct taps, and as soon as you have done this you can stop. You will be told when 
's figure has been attained. Errors do not count towards the total’. In the LM condition the 
Subjects Were simply requested to carry out the task for half an hour; they would usually make 
ag 2000 hits during this time. All subjects worked for half an hour irrespective of number of 
lts, 

Twelve naval ratings were tested under each of the following four conditions, according to 
a2x2 latin-square design: (i) after normal sleep on the previous night, and under normal (low 
incentive) conditions (S/LM); (ii) after normal sleep, and after being given the instructions 

SSigned to result in a high level of incentive (S/HM); (iii) after losing sleep on the previous 
night and with low incentive (NS/LM); (iv) after loss of one night's sleep and with high incentive 
(NS/HM), 

Tho Heron scale of introversion-extraversion (Heron, 1956) was administered to all subjects 

y laboratory staff unconnected with the present work. The scores on the Heron test showed that 
of 1 ey were on average slightly extraverted, having a mean score of 2-6 with an s.p. 


Resulis and discussion 
Spearman rho correlations were computed between introversion-extraversion and 
eee -four measures of performance. The measures and the correlations are recorded 
: Table 1, In Table 2 are recorded the data relevant to the effects of increased 
Meentive, 


T . , > 
Mn l. Correlations between introversion and measures of performance at the five 
toice serial-reaction task, after loss of sleep (NS) and normal sleep (S), under conditions 


low (LM ) and high (HM) motivation 


Comparison 


no. Condition Hits Errors 
0-68* +0-11 

2 SEM 0-45 — 0:23 
3 NEN 0-79* — 0-01 
4 NS/HM na $ o 1 6 
5 S/LM-S/HM = $ 0-03 
8 NS/LM-NS/HM ; +012 
7 S/LM-NS/LM 0- 8 -005 
8 S/HM-NS/HM 0-02 +0-05 
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rized as follows- 
isti igni i ble 1 may be summarized iem 
tatistical significance in Ta ipu 
rate iiid more hits than extraverts under S/LM and pasci: Res 
eek der NS/LM conditions. (b) Extraverts deteri Y 
ea irse rael iti but improved more from 
2 of gaps under LM conditions, p ionge e 
iii c CS, aei inte and hits. The two latter findings were sign! 
i ive, s 
only undi the NS condition (see Table 2). 


e sit 
i 2 i t 1 scores of th 
Table 2. Performance at the five-choice serial-reaction task. Mean s hep (NS) an d 
most introverted subjects (I) and six most extraverted. (E) after loss of sle p 
normal sleep (S) under conditions of low (LM) and high (HM ) motivation 
Gaps Hits " 
d E I E 
pae 

‘ c s E LM HM 

LM HM LM HM i 40-8 
S 32.8 245 S 92-8 658 S 29328 29818 S 2205-8 ee 
NS 1070 338 NS 5628 3003 NS 2197-6 23938 NS 11242 2 


r 


The results can be condensed into three main fin 
the task rather better than extraverts, If w. 
presented in the introduction, we may dedu 
as a whole proved to be a relatively 


" med 
dings. (i) Introverts per S sns 
e accept the terminology and cen a 
ce from this finding that the task si 


4 : ; ch con” 
low in arousal value, since only under S for 
ditions would a group operating at a high level of arousal be expected to F 


: e ; roba 
better than one operating at a low level. (ii) The arousing procedure p” 
benefited extraverts more than introverts. 


: nly 
This finding proved to be gem have 
under NS conditions in the present experiment, but since other experimen" be 
shown the effect after normal sleep (Corcoran, 1962), the generalization is Pr using 
warranted. (ii) Extraverts were probably the most affected by the de-ar con" 
procedure. This result was found to be Statistically significant only under 5 
ditions in terms of gaps. about 
The effect upon performance of changing level of arousal was shown to be ous d 
what one would -U relationship. The less S ed 
j th the extraverts) were more affected by 1° " usal 
arousal, but improved relative ed subject when level of 5 


. fo 
from conclusive, however, and the 
t was therefore carried out. 


further experimen 


Experiment IT 


a fro 
tter performed by introverts. It was deduce? ited 


le 1689 op 
; : © task and the testing situation as a who g 
in a suboptimal level of arousal, since under no 


-at f 

à to investigate the effect of a de n F 

procedure upon groups who, it was hoped, were at post-optimal levels. On t " 

of the Yerkes-Dodson Principle, it would seem reasonable to choose a difti", pas” 
since these may be characterized b 
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was therefore chosen, and the subjects were also put under stress, so that the low 
optimum level of arousal plus the arousing situation might be expected to result in 
à group who were operating at a high level of arousal. The effect to be expected from 
a reduction in arousal in such a situation is clear: the more aroused subjects should 
Show more improvement than the less aroused. 


METHOD 
Task, subjects and procedure 


A modified triple tester was used for this experiment. This apparatus consisted of a revolving 
brass drum with a celluloid cover. The cover was perforated with circular holes of } in. diameter, 
arranged in such a way as to leave a passage free from holes. This passage wound spirally from 
left to right following a winding course. A pointer, controlled by means of a steering wheel, had 
to be kept within the passage as the drum revolved. When the pointer left the passage, it 
Immediately mado contact through the holes with the surface of the brass drum. This completed 
& circuit which included a counter and an error was scored. 'The error score thus indicated the 
&pproximate proportion of the time which the pointer was off track. 

Subjects were tested under three separate conditions. (1) The drum was set to revolve at such 
* speed that the trial was completed in 40 sec.; the view of the oncoming track was restricted; 
each error was punished by a blast of about 100 db. white noise through earphones. (2) Conditions 
Were identical to those described in 1, but three full sessions were allowed as practice before the 

'st scored session. (3) Conditions were identical to those described in 1, but only the click of 

he error counter was heard through the earphones when an error occurred. These three con- 
ditions made up part of a larger investigation, which included other experimental conditions 
irrelevant to the present discussion. . = 

A session consisted of ten trials; in each trial the pointer had to be kept in a position from the 
Start of the passage on the left, through three and a half revolutions of the drum to end on the 
tight. Three sessions were conducted on three consecutive mornings between 7:30 am. and noon. 

Eighteen subjects were tested during a 60 hr deprivation of sleep: on the first morning (Day 1) 
they Worked after sleeping normally on the previous night; on the second morning (Day 2) they 

ad lost their normal sleep on tho previous night; on Day 3 they worked after two nights’ loss 
9f sleep. Six subjects carried out the task under each of the three conditions (1), (2) and (3). 


Results and discussion 
The error scores were converted into normal deviates in order to make the scores 
more comparable under the three sets of conditions. Table 3 presents the introversion 
and extraversion scores of the subjects employed in the present experiment. 


Table 3. Introversion and extroversion scores: mean scores and 
ranges for subjects in Expt. II (n = 18) 


Group n Mean Range 
NS I 9 6.2 4-9 
E 9 2-0 1-3 


The converted tracking scores are presented in Table 4 in which the changes in 
Performance over the 3 days can be seen. Extraverts show a consistent decline over 
© sleep deprivation, whilst introverts improve to an almost equal extent. These 
trends in performance differ significantly when assessed by the Mann-Whitney test 
= 8, P = 0-002). 

These were not exactly the results expected, since the task was designed to be 
YPer-arousing to all subjects, so that all were expected to show an improvement in 
Performance but the more aroused to the greater extent. The less aroused (if we can 
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equate these subjects with the extraverts) deteriorated rather than improved with 
loss of sleep. The results therefore suggest that the less aroused subjects were initially 
at a suboptimal level of arousal. 


Table 4. The converted scores of extraverts (n = 9) and introverts (n = 9) 
on each day of sleep deprivation for the tracking task 


Day 1 Day 2 Day 3 
Mean Range Mean Range Mean Range 
Introverts —0-21 -1-:96 to +159 +040 -0-86to +1-88 +070 —0-42 to +143 


Extraverts +019 —L14to +122 —041 —1-44to +1-10 —0-72 —1-71 to 40:46 
The results may in fact indicate that a phenomenon rather like that show? in 
Fig. 2 was operating. In discussing the implication of the situation illustrated 1? 
Fig. 2 ib was pointed out that the knowledge of level of performance alone was 
insufficient to determine level of arousal and that arousal level had to be changed I? 
order to determine at which of the points (H or L) the subject had been operating: 
In the present experiment, initial level of performance was not very different and by 


manipulating level of arousal it was possible t "tai ich ‘ * operate 
ps diee ees p o ascertain which ‘type’ Op 
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DISCRIMINATION OF AVOIDABLE AND 
UNAVOIDABLE SHOCK 


By ROBERT BROWN 
Department of Psychology, University of Exeter* 


Rats were given standard avoidance training in a two-compartment shuttle-box. Thereafter 
shock was only signalled if the subject was in one of the distinctively coloured compartments 
at the start of a given trial, while non-signalled shock was presented in the other compartment. 
Subjects showed a significant preference for this compartment on several measures. Half of the 
subjects received a relatively higher shock intensity during this latter part of the experiment, 
and this had the effect of improving avoidance performance and increasing the subjects’ 
Preference for the signalled shock situation. These findings are discussed in terms of the relative 
conditioned aversiveness of various stimuli present in the situation. 


When an originally neutral stimulus is repeatedly paired with one which produces 
a reliable response, it acquires the capacity to control behaviour. Traditionally, 
a Warning signal which precedes an electric shock is held to take on some of the 
Properties of the shock itself. It is supposed to become in some way ‘fear-arousing’ 
» M more empirical terms, ‘secondarily aversive’ (Schoenfeld, 1950; Miller, 1951; 
Insmoor, 1954), since its removal or termination can act as a reinforcing event. 
Owever, this traditional view has been questioned recently by several investigators. 
sehn (1959) has shown that animals will learn to postpone an electric shock, but 
Di a signal which precedes the shock. His inference was that animals should learn 
Postpone the signal in like manner if the signal is in some way ‘similar’ to the shock. 
y finding that they do not led him to suggest that the signal functions entirely as 
i discriminative stimulus, and that any reinforcing capacity it may possess is 
neidenta], 
Mus direct attack on the problem has been made by Lockard (1963). Rats 
ert re to choose between a situation in which an unavoidable shock was pre- 
Signa] alone, and one in which the unavoidable shock was preceded by a warning 
is that Significant preferences were shown for the signal situation. The implication 
Ith the signal acquires certain properties which cannot be classed as aversive ones. 
it is Ough it may not act as a positive reinforcer for any clearly identifiable operants, 
Sa of a ‘satisfier’ than an ‘annoyer’ in Thorndike's sense. One might expect 
Siva animals would have shown an even more marked preference for the signal 
Ea Lus if they had been able to avoid the shock on receipt of the signal. On the 
nit "jus. avoidance of shock is usually accomplished by escape from signal; an 
ut a would have to learn to terminate a danger signal when the signal was present, 
Appe “i seek out’ the signal when it was absent. Such a mode of behaviour might 
abse ar paradoxical. How could termination of & signal act as a reinforcer if its 
E Ses were nevertheless ‘unpleasant’? E : 
lolo P paradox is resolved in so far as *signal-seeking behaviour becomes at least 
Sically advantageous if absence of signal sets the occasion for the delivery of 


* 
Tag Work reported here was carried out while the author was at the Department of Psychology 
?'Sity of Bristol. ' 
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unavoidable shocks. Empirical evidence on this point is somewhat sparse, Vig 
and the present experiment was carried out in an attempt to clarify the issue. D 
choice technique was basically similar to that of Lockard (1963) and apparently a 
used by Akhtar (cf. Mowrer, 1960, pp. 194-5). Akhtar gave four rats one trial ia 
day in a Miller-Mowrer shuttle-box. A warning signal preceded shock in only Puis 
the two compartments, and the prescribed avoidance response was a leap into the 
air. Shock was presented alone in the other compartment. All four rats showe 
a preference for the signal compartment, but only 

There are four main differences betw. 
the present study. 

(i) Each animal had three sessions of 
per day; this permitted a more detail 
a longer period of time. 


two learned to avoid shock. ta 
cen this procedure and the one adopted 


: ice trial 
fifty trials rather than only one choice T 
ed analysis of a given subjects behaviour OV 


H H i mee 
e, two fifty-trial sessions of standard ane 
subjects had been escaping from the hid in 
control over its onset. On the other hand, 


could be compared, ; 
(ii) A onses 
rier- 


ene 
: mal 
avoidance could only be 


in 

? n defined as in Akhtar’s study (a leap 4 
subject might well have : T fo peus The signal for ! 
simply have meant staying in the § 
d have b agi 
move between compartments > £0 


$ : " ance 
same for al] ; Intensity of shock used. Initial avoit ioo 
subjects conti : - Shock was used. For the ^ M 
Level of motivati nued with 0.3 mA., but half were shifted to É ed: 
^ Variable if M has ats 
ce w; : 5 ; as Mowrer (1960) 
ys ko (logi, iere in some way ies to the 0 an g^ 
have shown that intema atay (1956). For example, Weh j of 


* ; vt gel 
might increase the ire j uation. The parallel here cit, 


responses althou 
also increa; 
Se 


the signal, “ny secondarily aversive prope? 
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METHOD 
Subjects 


Sixteen male hooded rats, aged between 90 and 115 days at the start of the experiment, served 
as subjects. They were housed in cages of four and had access to food and water at all times. 


Apparatus 


The experimental chamber was a Miller-Mowrer type shuttle-box, length 36 in., width 6 in., 
height 9 in., with two compartments. The end walls were plywood painted a flat grey, the side 
Walls and ceiling were of Perspex sheet, and the floor consisted of transverse $ in. diameter steel 
rods spaced } in. centre to centre. An aluminium partition separated the box into equal halves; 
access botweon them was through a 4 in. square hole above a barrier 1} in. high. The upper part 
9f this barrier was a copper tube mounted on bearings which successfully prevented the animals 
Tom ‘perching’. The two compartments were made distinctive by placing painted card panels 
flush with the outside of the Perspex side walls, and painted faeces trays 1 in. below the grids. 

“or one half, the panels were black and the tray black; for the other half the tray was white and 
the panels coloured black and white in alternate 2 in. vertical stripes.) Illumination was provided 
Y à 5 W. bulb placed centrally over each compartment, and the animal was observed through 
a 45° mirror over tho bulbs. l . . 

The auditory warning signal was produced by activating a buzzer which was spring-mounted 
Cont rally outside the chamber. It raised the noise level in the chamber from 28+ 2 db. to 

9 12 db. . 

Shock was applied to the grids and barrier from a Foringer constant current a.c. stimulator. 
Tho pattern of shock on the grid bars was changed approximately 7 times per sec. by an electro- 
Mechanical scrambling device. as 

A scan «espe eed programmed the presentation of stimuli. Stimulus and response 
events wero recorded on an Evershed pen recorder. Programming and recording equipment w as 
Sound deadoned as far as possible and housed in an adjacent room. The only non-autoniatio 
ature of the equipment was a silent changeover switch operated manually by the experimenter 


w ^ dá 
Vhen tho subject erossed the barrier. 


Procedure 


Each animal spent a 1 hr. session in the shuttle-box on each of seven successive cin at ERO 
tame time evory day (+20 min.), between the hours of 10 a.m. and 4 p.m. The su = s — 
Tansported between the home cage and the experimental chamber in a small wooden OX, W es 
a so had a removable floor and wall to ensure uniform insertion and removal. Each a [ E 
weted of 50 min. experimental time preceded and followed by 5 min. adaptation periods. GE € s 
Hai allotted to experimental treatments on the basis of free-feeding weight and age, prior to 
Y experimentati : i m 

Tho first Gm oe solely to adapt the animal to the apparatus; no signals or — N = 
Presented. During the second session, the buzzer was turned on at the beginning of each D ; 
anq terminated either after 20 sec. or after a barrier-crossing, whichever was sooner. ns 
povided a basis for discarding subjects if they showed a tendency to learn to terminate the 

7Zer in its Ssmirigh?: 
S Voidance edd N carried out in the third and fourth ‘avoidance’ = pe — A at 
dit Jeets received 50 trials per session, with a regular : mm | SNEER De E me ee = 

mi n "o wi zit 5 sec. CS-US interval. E g respo as 
me die sad n a pi non de terminated immediately and shock omitted for 
at trial; such a response thus constituted an avoidance response. A response oceurring after 
Shock onset, terminated shock and buzzer simultaneously, and was thus an escape response. 
 Ubjects were free to make intertrial responses ten at a = during the sessions. Shock 

pasity was . ireuit current) for all subjects. 

" pis fhe Seated dics “aie? maaan e C2 and C3) shock intensity was raised to 
Was MA. for half tho subjects, but stayed at 0-3 mA. for the other half, and the choice procedure 

3 Introduced for all subjects. This procedure differed from the two preceding avoidance 
SSions in the following way. One of the compartments was defined as the ‘signal’ compartment 
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in the signal 

x > ent. If the subject happened to be "i me 
and the other as the beer olg on uc d exactly the same ene T at the 
Gprapartiedt Bp tHe a c ce trial. If the subject was in the non-signa ver. and clearly Only 
in fact, a conventional sane a was presented simultaneously with the buzze A ; subgroup ihe 
start of the trial, however, tm (For half of the subjects in each shock jue mal compart- 
Vlad compartment was the signa Pi Soe ers si V o ae ie ee consistenti 
pleekicomy iti ed for the other subjects.) Thu. ‘ial and makean] ` 
ment; these conditions were P ignal compartment at the start of a trial a d classifie 
pene) M hen presant ht Dang he next trial. ITR were recorded an a: 
be paneer it to that radiant db the signal to the non-signal quede noted. 
ip. esten Rd toa during the 1 min. cycle of each trial wa 

vice versa. 


RESULTS 


Group L (low-shock). The groups are hereafter refe 
fact they only received different; shock Meng these 
larly, compartments are called ‘signal’ and “non-signal’ throughout, a 

labels only have empirical signi 


In sessions A 1-2 


dom. 
S had in fact been nt frequent 
these two sessions, and t 


n 
tme 
; > mpar 

9 preference was shown for either comp 

asures discussed below. 


g (aon 
Up L, mean avoidance performance on C1- GrouP 
was significantly poorer tha 6%) (sign test, 2-tail P = 0-008). 

H showed a smaller non-significant 


. gjon vd 
performance decrement (69-6-63-0%; Tad b 
2-tail P = 0-73). Thus Group H made significant] 

over sessions (1-3 (Mann-Whitney U 
However, these performance chang, 


Oidance was possib] 


y more avoidances than 
= 9, 2-tail P = 0-014). 


sig 
€ only if the Subject was occupying the nt? 
compartment at the start of trials in Sessions (1... Fig. 1 shows the mean pe om ý 
of trials per session which were begun with subjects occupying the signal € n 
ment. Both Broups showed a significant tendency to b 
partment at the 


~2, when a) 
rence, Moreover 


it t 
shock intens! a n? 
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reach an acceptable level of significance (U = 16, 2-tail P > 0-1). It can be seen 
from these revised performance scores that the decrements in absolute avoidance 
performance which were produced by the introduction of the choice procedure were 
Mainly a result of the subjects simply not being in a position to avoid. 

Fig. 1 also shows another measure of compartment preference, the mean per- 
centage of intertrial time spent in the signal compartment. When the two preference 
Measures are compared, the functions for Group H are reasonably similar in shape. 


100 (A) 100 (B) 
0--o Group L 
90 


e——o Group H 


E co 
eo © 


compartment (%) 


a 
e 


Trials begun with subject in signal 
compartment (95) 
Intertrial time spent in signal 


un 
e 


5 


Al A2 Cli C2 C3 Al A2 Cl C2 C3 


Sessions Sessions 


Fig. 1. Two measures of compartment preference. (A) shows the mean percentage of trials per 
Session commenced with the subject occupying the signal compartment, for the two groups. 
(B) shows the mean percentage of intertrial time spent in the signal compartment. The 50% 
Point on each graph represents equal preference for the two compartments. 


On the other hand, Group L showed little more than chance preference for remaining 
m the Signal compartment, in spite of the fact that they were present there with 
Steater than chance frequency at the start of the trials of sessions C1-3. In fact, 

toup H showed a net increase in time spent in the signal compartment of 21:6% 
(mean of C sessions minus mean of A sessions; sign test, 2-tail P = 0-008), while 

Toup L showed a non-significant increase of only 2-5 %. This discrepancy between 
he two preference measures for Group L becomes understandable when the ITR 

ata are examined. 

Fig. 2 shows ITR as a function of their occurrence in the twelve successive 5 sec. 
Periods within a ‘trial’. Each histogram was constructed as follows. First, an ITR 
was classified as ‘functional’ if it was instrumental in returning a subject to the signal 
"OMpartment, and ‘non-functional’ ifit was in the opposite direction. All of the data 
rom trials relevant to a given histogram were pooled, e.g. all of the functional ITR 
made by Group H subjects on all of the trials in sessions C1-3. Each total thus 
obtained was split up into twelve subtotals, according to which of the 5 sec. periods 

© responses occurred in. These twelve subtotals are represented by the heights of 

© twelve columns of each histogram. The extreme left-hand column of any histo- 
am represents the first 5 sec. period of a trial, and the extreme right-hand column 
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" rial was the one 
5 eriod. (The ‘first’ 5 sec. period of See ga histograms 
represents the last ide ie or signal-plus-shock onset). Fina n e a manne 
Which began i ecole s i.e. each histogram represents data fr 
were drawn on ais -— 
am tg l distribution of responses, it can be seen Oe an ine 
Ignoring the tempora. roximately equal numbers of functiona 3 ther than i 
ae Ru ves mies tendenoy to cross to one compartment ra 
tional i: E 


Group: H 
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the other, Whe 
ight of the Gr 
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Is s the Group L subjects made d = 
tional than non-functional responses, Group H subjects made an averag f 
more functional than non-functional ITR 

Group L subjects, Thes 


inak 142 ^ 
on à mean C Session, as op 9.004 
: ese Means were Significantly different (U = 6, 2-tail m 
Thus both groups made more responses w 


s com] 
hich returned them to the signal 


ment than responses which took them out of it, on sessions C1-3, and the higher 
Shock intensity made this pattern of behaviour more marked. 

When the temporal location of these two types of ITR is examined, it is clear that 
all the frequency distributions are reasonably similar in shape except the one repre- 
senting functional ITR for Group H on sessions C1-3. With this exception, the general 
trend is for ITR of either type to occur with relatively greater frequency towards the 
end of a trial. This means that for Group L, on sessions C1-3, the time spent in both 
Compartments would be approximately equal, as was the case. However, for Group 

» the bulk of the functional ITR occurred early in the trial, and most of the non- 
functional ITR occurred late in the trial; hence the net result of considerably more 
time spent in the signal compartment. (There was a slight tendency for Group L 
responses to approximate this patterm, which accounts for the slight, but non- 
Significant increase in time spent in the signal compartment.) 
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Discussion 

The clearest outcome of the experiment is that Akhtar’s (Mowrer, 1960) preliminary 
observations have been confirmed; given a choice between a situation in which shock 
55 signalled and avoidable and one in which it is not signalled and hence merely 
scapable, rats choose the former with some consistency. Moreover, the stronger the 
Primary aversive stimulus, the greater the preference for the signal situation. Tt 
might appear then that the signal is non-aversive, and perhaps wholly discriminative 
aN Keehn (1959) has suggested. Certainly, the subjects make a number of discrimina- 
tions throughout the training. On sessions A 1-2 a discrimination is formed between 
Presence of signal and its absence—since avoidances increase and ITR decrease. On 
Choice sessions a further discrimination is made between compartments; both groups 
are present in the signal compartment at the start of any given trial with greater than 


chance expectancy, and direction and point of occurrence of ITR contribute jointly 
a the significantly greater time spent in the signal compartment by Group H. Thus 
Ib is Perfectly justifiable to claim that presence-of-signal and absence-of-signal act as 
a Pair of discriminative stimuli, but to deny that these stimuli may also possess 
reinforcing Properties would seem to be unwarranted. At least for positive reinforce- 
ment training, Dinsmoor (1950) has shown that cue and reinforcing functions 
evelop concurrently. : 
i hile not denying that discriminations are present, then, the present findings can 
n è Mterpreted in a way which attempts to identify the bases for these discriminations. 
~he first assumption is simply that behaviour is normally homeostatic. In a situation 
volving aversive stimulation, behaviour which removes relatively aversive stimuli 
; 2nd replaces them with relatively less aversive ones) will increase in probability of 
Lc currence. Secondly, we assume that neutral stimuli become ayareive by virtue of 
ei temporal contiguity with the onset of primary aversive stimuli. These assum p- 
"ons generally follow the positions adopted by Schoenfeld (1950) and Dinsmoor 
(1954) among others. There are thus two classes of stimulus-compound which can 
Precede ghock onset in the choice situation, and one which is never followed directly 
Y shock, Because of the different probabilities of shock onset following these three 


Co : à is > 
™pounds, they can be ordered in terms of relative conditioned aversiveness. The 
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ound which is always followed by shock onset consists (a) of ae ad iha 
rio from non-avoidance behaviour, along with (b) cues from being dap qu 
eal ees when (c) the exteroceptive warning signal is Lowe ñ 
pound (S1) would be relatively most aversive because of ite cnra a an dices 
with shock. At the other end of the scale is compound 83 which is nimenkin 
paired with shock: this arises from the same behaviour in the same comp ro asserat 
the absence of the signal Finally there is compound 82, which should be mo beligsidt 
than 83 but less aversive than S1, and is the net result of non-avoidance "i put 
in the non-signal compartment. This compound is sometimes followed by sh 
not in any immediate or consistent way. 
A barrier-crossing in the presence of the si 
tion from S1 to $2. By reducin 


ofshock develops. By makin 
ITR, compound $3 is substituted for 82, 


intensity, both S1 and S2 should increase in aversiveness, but S3 should ine 
negligibly, if at all, since it is 


«fered 
"never paired directly with shock. Therefore the di 


ive 
] co? 


> al 
H . i Ub 
PA à learly engaging in a form of ‘observing behav ately 
a descriptive level, it appears that such behaviour can be analysed quite Fe er DO 
in terms of well-established reinforcement Principles. Certainly the results 977 -ge 
support for Keehn’s (1959) contenti 


hurch (1963) h. 


of the escape Operation—and s 
is obviously escaping from th 
he secon 


ould have Stressed t 


in 
stimuli are usually defined 1? *'. 
nal avoidance training, the 9": ss 


han 
dary aversive nature of t] he oth igi 
he signal. On the m 
» mius I aig as used by Keehn, the main explanatory burden carm? i soe 
m e : pr its Capacity to punish, and thereby suppress norat a 

A oth Keehn’s experiment and th i sgot? i 
on the latter Operational definition but it is 5 eo oe f 
to let this finding outweigh the fa 


: ing 
ons we adopt. m 


c 
$ 
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VARIETY OF BEHAVIOURS AND FREQUENCY OF 
RESPONDING DURING AVOIDANCE CONDITIONING 


By BERNARD LYMAN 
Simon Fraser University, Canada* 


Ten female goats were trained in avoidance flexion of the right forelimb. The subjects’ quali- 
tative and quantitative activity was recorded. When the first and last tenths of training were 
Compared, there were significant increases in the overall frequency of responding during periods 
of conditional stimulus impingement and in the overall variety of behaviours, omitting flexion 
and emotional behaviours, during inter-trial intervals. There were significant decreases in the 
variety of emotional behaviours during both signal periods and intervals, in the frequency of 
flexion responses during intervals, and in the frequency of emotional responses during signal 
Periods, The data do not support the assertion that late in avoidance training the organism is 
aee and is mechanically emitting only the conditioned responses to the conditional 
Stimulus. 


Some years ago, Culler, Finch, Girden & Brogden (1935) reported that, as training 
Progressed during avoidance conditioning of the dog, irrelevant behaviours dropped 
out until only finely executed conditioned responses (CR) were made to the con- 

Itional stimulus (CS). Although in classical conditioning, with electrie shock as the 
unconditional stimulus (US), emotional responses may remain (Brogden, Lipman & 
Culler, 1938; Brogden, 1939), Gibson (1952) observed the quieting phenomenon in 
Boats with both classical and instrumental procedures. It appears that the effect is 
Not dependent on use of the Pavlov frame or other restraining devices. When the 
vals or goat is conditioned with unrestricted freedom of movement, the animal 

“ets itself to a small part of the laboratory room and shows little activity other 
pa responding to the CS. Liddell (19504) refers to this phenomenon as ‘self 
s Posed restraint’ and suggests that the animal’s quiescence is more apparent than 
eal (Liddell, 19505). The present paper deals with the question of whether or not the 
animal is more active at the beginning than at the end of training. The frequency of 


toe nding and the variety of behaviours or qualitatively different responses are 
Nsidered 


METHOD 


i. methog is deseribed in detail in a previous paper from the same study (Lyman, 1959) and 
Mmarized hero, 
" decía, The subjects were ten naive female goats from the Cornell University Behaviour 
ena (Twelve subjects were conditioned, but one developed encephalitis and a second 
ment uc underdeveloped three years after completion of the study.) At the start of the experi- 
van 55 ages ranged from 15 to 19 months with a mean of 16:3 months. ] . 

s Wall ure. Three subjects were trained at one time. Each subject was restrained lightly near 
shock Pia stanchion-liko apparatus. Tho CS was a 10 see buzzer and the US was a mild electric 
Wag UR aoe wore fifteen daily trials until the criterion of learning was reached. The criterion 
trainin. old. There had to be at least ten consecutive avoidance responses during a single 
tm and the cumulative number of avoidance responses had to be at least twico the 

‘Ive number of unconditioned responses. 


is 


* The study was conducted at Cornell University’s Behaviour Farm Laboratory. 
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d 
i i *or f the room an 
i d heck-list, sat in one corner oi a =a 
n ing a previously developed cl š Eug a orent ^R 
Ei b quiet nni did a response of each subject on every third trial. The har irepl t 
— each en during signal periods (CS impingement) or during ec api ré MA 
won e pem i i imitati luded records of the indi 

2 i ds. Practical limitations preclu i ee 
opu ee il flicki fers to a tail flicking episode without reg ‘i 

-unitary responses; e.g., tail flic! king refe s g à pe 

Morea e vf discreto fides of the tail in an episode, and, save for leg flexion, i 
oed record the magnitude or duration of the behaviours. 


RESULTS AND DISCUSSION 
The mean number of trials to criterion was 243-0 with an s.p. of 90-97. 


: ified as 
From the protocol check-lists, each of the observed behaviours was classifie 


; jours, 
belonging in one of three categories: (a) flexion behaviours, (b) emotional behavio 
or (c) other behaviours. 


one or the other for each trial. . ombling 

(b) The behaviours classifie he more insistent ones of bleating, tr ate 
and eliminating, and those whi escribed as attempts to escape tho appa" 
twists head, struggles, and rears. 


ro: 
E Tm jiours Wer 
(c) In order of decreasing frequency of occurrence, the remaining observed behaviov 
orienting response, postural adjustment, swallows, 


sols tail, 
grinds teeth, chews cud, nuzzles, een 
flicks ears, Snorts, yawns, stretches, coughs, shakes head, attempts to lie down, lick 
shakes self, sneezes, and scratches. 


Table 1. Mean frequency of respondin, 


g per subject per Vincent unit 
during avoid 


ance acquisition (n = 10) 


Vincent units 
L 
Behaviour 1 


10 

2 3 4 5 6 7 8 » gr? 

All Signals 275 506 56 7 8 " 53:2 “7 
500 564 57-1 53-8 531 68 

Intervals — 774 92-8 Bra 896 846 914 782 839 579 56 

Flexion Signals 3-9 124 52 6 
^ 191 112 134 105 ëd 63 ; 7 

Intervals 12-4 153 116 135 118 e 66 38 939 o0 

Emotional Signals 23 32 17 03 Q3 02 oo o1 902 ol 

Intervals T3 97 34 13 2 2 16 o5 09 97 46-7 

All but flexion Signals 2L3 35-0 389 384 e 

and emotion Intervals 57-7 67-8 715 
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in any unit. These tables show that the organism's overall activity level remains 
relatively constant throughout training. 

Table 3 shows that the overall variety of behaviours, during both signal periods 
and intervals, is not significantly different at the end of training from what it was at 
the start. In regard to frequency of responding, there is a significant increase during 
Signal periods and no change during intervals. 


Table 2. Mean variety of behaviours per subject per Vincent unit 
during avoidance acquisition (n = 10) 


Vincent units 


Behaviour i 2 3 4 5 6 T 8 9 10 
All Signals 57 56 52 50 50 56 50 56 48 54 
Intervals 8:6 8:5 95 10-0 9-3 9-6 9-5 9-7 11-2 9-4 
Flexion Signals 1-1 16 L8 1-7 18 21 1-7 15 12 1-3 
Intervals l4 1-4 18 15 17 15 1:7 1-5 11 0-8 
Emotional Signals ll 15 08 01 02 02 00 01 O1 0-0 
d Intervals L5 15 1-2 0-8 0:3 0-6 0:3 0-3 0:3 0:1 
D but flexion Signals 3:5 25 2-6 3-2 3-0 3:3 3:3 40 3-5 EDI 
nd emotion Intervals 5:7 56 65 77 73 TS 75 79 98 $5 
Table 3. Comparison of activity early and late in training 
(Vincent unit 1 minus Vincent unit 10) 
Frequency of Variety of 
responding behaviours 
geek E E ES 
Behaviour D t D t 
an Signals — 23-8 4-14** 0:3 0-53 
Intervals 8-7 0-86 —0:8 1-01 
Flexion Signals =I 1-21 —0-2 0-69 
Intervals 9-8 3-92** 0-6 2-22 
Emotional Signals 2.3 2.99* 14 3-15* 
Intervals T2 2-07 14 4.12** 
All but flexion and Signals —24-4 Ca abi —0-6 1:94 
emotion Intervals -$83 1-03 —2:8 4-00** 
* P < 0-05. ** P « 0-01. eee P eto: 


P y data are contrary to those reported by Culler el al. (1935) and contrary to 
= Sometimes is implied when the activity level is discussed (e.g. Munn, 1961; 
E erwood, 1949). Although unrecorded changes in duration and magnitude of 
ie aviours may have occurred, the overall activity level, in terms of variety and 

Senne, of behaviours or behaviour episodes, either increased or showed no 
ifie cant change. The results may differ from Culler et al. because of somewhat 
Stake Procedures (temporal durations differed, and Culler sounded a buzzer upon 

Ems nation of the CS), of species differences, or of differences in the degree of 
nig quantitative observation. Certainly, the significant decreases in both 

ney and variety of the insistent flexion and emotional behaviours (Table 3) 


er s 
nd to give the impression of a lowered activity level. 
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THE EFFECT OF RATIO OF REINFORCEMENT ON 
PERFORMANCE IN SELECTIVE LEARNING BY CHILDREN 


By J. P. DAS,* GEETA SAHU anv T. P. PANDA 
Utkal University, Bhubaneswar, India 


Tn the present study, children were required to switch out one of two lights on choice trials by 
Pressing one of two available keys and to switch out the only light presented on forced trials. 

Y appropriate variation of the two stimuli on forced trials, one of the keys was pressed twice 
as frequently as the other (Expts. I and II) and three times as frequently as the other (Expt. II). 

he results showed a gradual initial increment of choice for the more frequently reinforced key 
(Expt. I) followed by a decrement, and the point of maximum difference betweon the latency of 
TeSponse of the two keys exactly coincided with the highest point in the choice curve (Expt. I). 
Similar results for the choice behaviour were obtained in the 2:1 and 3:1 groups of Expt. II 
where both acquisition and reversal were studied. Reversal for the 3:1 group was fast. Results 
of Expt. L supported Spence's prediction. 


The two experiments on children described here attempt to replicate and extend 
the following observation reported by Spence (1956, pp. 205-14). In a study by 
amond, rats were permitted to choose to press one of two lighted bars on choice 
trials, and to press the only lighted bar on forced trials. By appropriate manipulation 
the ratio of reinforcement, one of the bars (frequent bar) was pressed twice as 
requently for a similar amount of reinforcement as the other (infrequent) bar. It 
Was noticed that the choice of frequent bar increased to a certain point and then 
a creased to a level approximating the number of choices of the infrequent bar. 
Spence explained this by presuming that the habit strengths for both frequent and 
frequent bars build up as trials proceed, reach a maximum point of difference, and 
Jen move at a differential rate to a common asymptote. The choice of the frequent 
ar thus reflected this difference between their respective habit strengths. Logically, 
18 point, of maximum difference between the two habit strengths should closely 
“PProximate the trial on which the frequent bar was chosen most often. This was 
Mpirically borne out in Ramond's data, supporting Spence's hypothesis. 
aps" eXperimental situation was suitably modified in the present study for testing 
the dren, Subjects were required to switch off one of two lights on choice trials and 
n... Ay light on forced trials. The first experiment reported here closely followed 
wa ondis Study. In the second experiment, an additional 3:1 reinforcement ratio 
"lá ü Introduced, and both acquisition and reversal measures were obtained. Reward 
Ses, Je form of candy was given at the beginning and at the end of the experimental 
fan but not on every trial, a procedure which has been successfully adopted in 
oir ar experiments with children (Das & Panda, 1963). This was done (a) because the 
e did not then associate the candy reward at the end of a trial with * success i 
i (b) because it was feared that rewarding a choice trial would lead subjects to 
Peat the Specific response on all choice trials. 


* " ETT 
This Paper was written while the senior author was a visiting professor, Joseph P. Kennedy Jy, 


Po : 
“dation, George Peabody College, Nashville, Tennessee. 
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EXPERIMENT Í 


Method 


Apparatus. The subject sat facing a wooden display panel on which two flash-light bulbs ue 
mounted. These could be switched off by pressing corresponding keys located just be 22 
lights on a horizontal board. At the back of the display panel, the experimenter could Be ie 
any one or both of the lights which started off a chronoscope. Switching off the light stoppe a 
chronoscope. Latency of response was measured by reading the chronoscope to the neat 
10 msec. d 

Subjects. The subjects were thirty children between 7 and 11 years of age with a mean age M 
9 yr. They were taken from the University’s elementary school and were divided into two group 
matched for age and sex in order to receiv 


A in the 
e the counterbalanced treatments described in 
following section. 


Design and procedure. Distinguishing the two keys as K 4 and Kp, the ratio Ka: Ks Was = 
for half of the subjects (group I), and for the other half (group II) Kg:K4 = 2:1. ipa 
received a total of 34 choice and 66 forced trials in blocks of three trials consisting of one m 
followed by two forced trials. On choice trials, both Ka and Kg wore available, whereas KB 
press the key under the lighted lamp. Availability of Ka e: Ka 
© on choice trials. For group I} to 8 
A, Kp or Kp, Ka according 

» if Kp were chosen, K 4 was presente 


ildren 
ney was adopted for group II. child: 


e results | 
tions of these subjects have been excluded from further comP 
Table 1 
(A) Percenta 
age ie, = of the more frequently reinforced responses for 
ocks of four trials by the 2:1 group (n = 26) 
Ir III m 
59-58 5T x 24 al 
66 73-04 7015 7015 "ud Mr one 
(B) Percentage of choi 
101Ces j 
hin by more and less intelligent subjects 
(Porteus M aze Test) 
Maze test n e 
I in In ys 
Above mean 12 56-25 52-00 2 y = io 
Below mean l4 80 coms gaye 9975 T275 6025 us 9 
: TL50 — 67.50 6425 60 
Frequency of cho 


+ 


= ` -R 
-——— a i i € ` 
ER 
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block. It can be seen from Table 1 (A) that maximum choice occurred on the 3rd 
block. The general shape of the curve based on these data can be described as gradual 
rise to a point followed by a decrement to a level lower than the starting-point. This 
characteristic is very clearly shown in the data reported in Table 1 (B). The above- 
mean and below-mean groups refer to subjects who had maze solution speeds aboveand 
below the mean for the Porteus maze test. The scores reach a maximum of 92-75% 
Choice on the 3rd block and show a consistent decrement. 

Table 2 presents mean reaction times for blocks of eight forced trials. The first two 
forced trials have been excluded, thus leaving 64 trials divisible into eight blocks. 
Scores have been smoothed by a simple technique of adding the preceding and 
Succeeding scores to the score to be smoothed and dividing the sum by three. How- 
ever, the first and last scores in the series have been added respectively to their suc- 
ceeding and preceding scores and their sum has been divided by two. Such a smoothing 
Procedure can be regarded as ‘blind’ to the experimenters’ predictions. It may þe 
Observed that for group I, reaction time for the frequent responses seems to have 
attained stability at the end but not so the reaction time for the infrequent response. 

Owever, all the four series of reaction times show progressive decrements charac- 
teristic of practice. 

Differences between the smoothed reaction times are also presented in Table 2, and 
have been summed separately for each block. It is apparent that the maximum 
difference falls in block III. This coincides exactly with the point of maximum rise 
in frequency of choice (Table 1A). The general agreement between difference in 

atency and frequency of choice was also very close, the rank order correlation over 
the cight blocks of trials being p = 4-0:90. 


Table 2. Smoothed mean reaction time (RT) in msec for frequent and 
infrequent responses 


Group I. Kqgiky = 2:1 Blocks of eight trials 
I H II IV v VI vil — VHI 
RT (freq) 71L0 6843 6350 5963 5760 5743  57)7 — 5726 
Dire) 728-0 707-3 706-3 653:7 640-7 611-3 603-3 591-5 
ifforonco 170 930  97L3 . 574 647 370  3L6 190 
Group II. Ky: Ky = 2:1 
pem (freq.) 732-5 7080 6527 6257 5907 5733 550-7 5400 
Aeon 722.5 7120 6963 649-0 6313 604-7 5980 5780 
neu 100 40 436 233 346 314 47:3 380 
Groups I and IT, 
Total difference 970 9270 1149 807 993 6S4 — 789 570 


Supplementary analysis of reaction times for forced and choice trials, as well as 
MR ost. and less frequently reinforced responses, was carried out. Analysis of 
PIR yielded a significant main effect for each of these variables implying that 
fisiqus s was Shorter than choice RT (F = 10-05, P « 0-01) and that the more 
Tenn y reinforced response was speedier than the less frequently reinforced 
a es (F = 136-51, P < 0-01). Unexpectedly, choice RT for the frequent response 
liters E than choice RT for the infrequent response. This resulted in a Significant, 
“Mion between the main effects (F = 10-1, P < 0-01). 
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ExPERIMENT II 


infor ratio was 
Two things were different in this experiment. (a) The reinforcement ra 


0 
v wi iv i ei e other tw 
aried. Two groups of subjects received a 2 :1 ratio of reinforcement and an 

; 


tion to acquisition, was included i 
y faaforoel esprits aaquized the mais | 
ly reinforced response, and vice versa. nter- | 
$ one in the massing of trials. The ir 

3» f the interval in Expt. I. 


; empty 
y by one of the authors (T. P). They were tested in an 
Owing to some pr 


nly frequeney of 
distributed before 
ed groups of twent 


A= 2:1), a 


trials | 
geo 
ho in 


ight 
rei 
more frequently reinforced response for "d 

isition trials and six blocks of reversal trials (four trials/block 


7-5 62-5 54-4 52-5 46-9 hos 
Reversal 77-5 47-5 . 39-4 15-0 
(B) Group II, 3:1 (n= 40) 
Acquisition 50-0 


viol 
I I hi IV VI vi 
Aequisition 46-9 9T. d 
¢ 
Reversal 83-7 


2 70-0 68-7 
9 


e gi 
duently reinforced response are £ 
e2:1 stoup (Table 3A) has ani 4 s 


a level of 46-87 


ores have been pooled to prepare rA pe 
Y decrease until on the 4th block ks at 
now infrequent r rises by 5 %; but subsequen 
creases to a very ] block (Fig. 1) ° 

The acquisition i 


56 n 
Results "Ru 
Percentages of choice of the more fre = 
Table 3. The 2: 
4 
" 4 
cor” 
Scores are Consistent with those previously obtained if 08° he 
Siders the curve between the Ist and 


not 
the 6th block. This may be viewed as 2 
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replication study supporting Spence's hypothesis. However, the subsequent rise in 
choice following the 6th block of trials cannot be easily explained in the light of this 
hypothesis. It can best be attributed to massing which appears to increase the pre- 
ference for the more frequently reinforced response. 

Reversal for the 2:1 group did not lead to a gradual decrement in choice of the 
now infrequent response. The choice decreased to about 36% in the 3rd block, but 
then increased for two blocks before decreasing to 15%. If one conceives of the 
reversal process as a mirror image of acquisition, this moderate rise in choice during 
reversal may be in line with Spence's prediction for acquisition (Fig. 1). 


90 Acquisition Reversal 


l 


Mean % choice 


=! 4 1 Er t 1 
4 5 6 
Blocks of four trials 
Fig. 1, Percentage of choices during aequisition and reversal as influenced by two ratios of 
reinforcement (n = 40 in each group). 


"M 
uM Scores for the 3: 1 group are given in Table 3B. The choice of the frequent 
the Dti oe a maximum on the 4th block followed by a slow decrement. But in 
buon. ae block, the choice increased again. Analysis of the choice scores for the 
tthe Be S ealed groups separately reveals that in one the choice increased on 
8th blook ock for the second time, whereas in the other group it did so from the 
alloka " Heversal scores, however, show a gradual and consistent decrement 
Choice shes Initial sudden decrement of about 449/ from the Ist to the 2nd block. 
reversal t bu Aw infrequent response becomes less than 6% in the last block of 
E iis rials. This is much lower (9 %) than the comparable figure for the 2:1 group. 
eri io, the choice score for the 3:1 ratio does not return to anywhere near 
76 evel, whereas it fell to about 47% in the 2:1 group. This cannot be attri- 

. = to sampling differences between two groups of subjects; like the 2:1 group, tl 
` Sroup also had an initial chance score on the first block of trials, —— 


but 
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Discussion 


In Expt. I, it was found that Ramond’s experiment on rats could be replicated with 
children. Prediction of choice behaviour from differential growth of habit strengths 


The shape of the choice curve was 
Its subsequent rise in the choice of t 
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THE DIFFICULTY AND GRADED SCORING OF ELITHORN'S 
PERCEPTUAL MAZE TEST 


Bv ANN D. M. DAVIES 


Medical Research Council, Unit for Research on Occupational Aspects of Ageing, 
University of Liverpool 


AxD M. G. DAVIES 
Department of Physics, U niversity of Liverpool 


"legs? in the solution path, this value is increased to 4- 0-94. Using these ideas, a weighted scoring 
Scheme is suggested whose values corre 
Scores than does the right-wrong value. 


Elithorn and his colleagues have developed a number of versions of a perceptual 
Maze test which has been found sensitive to brain damage (Elithorn, 1955; Elithorn, 
err & Mott, 1960; Elithorn, Kerr & Jones, 1963; Elithorn, Jones, Kerr & Lee, 1964). 
€ test can, however, be regarded as some sort of measure of intelligence (Elithorn 
et al. 1963) and as such was included among a battery of tests given to a large number 
of adult subjects of all ages and occupations, in the Liverpool area. 
ke p example of the test item is shown in Fig. 1. The maze takes the form of an 
erted triangle, and starting from the apex, the subject has to trace a path in an 
Upward direction, keeping to the lines and passing through as many dots as he can— 
Tee in Fig, 1—terminating his path on the base of the triangle. The maze items can 
e conveniently described by their size or rank R (the number of rows, not including 
» © apex) and by the number of dots distributed over the lattice points (or the ratio 
junctions filled to the total number of lattice points — the saturation). 
€ test series consisted of six mazes of rank 12, six of rank 16 and six of rank 20. 
i group contained two mazes each of 20, 30 and 40% saturation. The rank 12 
Sein the easiest ones, were presented first, then the rank 16 and finally the rank 20 
cn on administered in the present study, subjects were first told the rules and 
cadi ed to work through three demonstration mazes, one of which was Fig. 1. In 
case, they were told the number of dots they must find on their solution path. 
mtha tional maze was included to introduce the subject to the idea of working 
Ry. ut knowledge of the maximum. Subjects were then presented with a series of 
eae mazes in the ‘without knowledge’ condition and allowed 12 min for com- 
a es Testing was done individually. Subjects who completed all eighteen in less 
ps min Were encouraged to try to improve their performance. 
aze ap the literature describes various methods of presentation of the Perceptual 
if he ee the only method of scoring, to date, has been to award the subject a point 
: e a path through the maximum possible number of dots; if he fails to do 
he dim; Scores nothing on that maze. This scheme has two shortcomings: it makes 
netion between an easy and a difficult maze and it makes no distinction 
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between a poor solution and one which is good but not complete. This paper is con- 
cerned with a scoring technique which obviates both these disadvantages. Itis based 
on the idea that there are a large number of distinguishable paths through the maze, 
any one of which might be followed, making a purely random choice of direction 2 
each lattice point. The ‘difficulty’ of the maze is related to the number of pat a 
through the maximum number of dots (7) on the solution path, and the subject scor 
is related to the difficulty of finding a path through the m dots he has attained. 


Fig. 1. One of the demonstration mazes, R = 7,m = 3. 


The calculated difficulty di 
The lattice in Fig. 1 can be described by a system of Cartesian co-ordinates pA 
From the apex (0, 0) we may move to (1, 0) where there is a dot or to (0, 1) Lees T 
is none. To reach (2, 0) we must pass through (1, 0) and therefore through a ¢ 


do i; 
reach (1, 1) we may pass through (1, 0) with its dot or through (0, 1) and so no 1 


To reach (0, 2) we pass through no dots. i roug” i 
If ùm is the number of separate paths up to a lattice point which pass th 1 
m dots, we have for the second rank: X 
(2,0) w=0 ù =1 
(1 wm=1 w-1 
(0, 2) "y — 1 w-0 


A simple inspection of the four points on the third rank shows that: 
(3,0) w=0 «21 U=0 Su, = 1 = (8) 
(2,1) w=1 w 22 U=0 Xu, = 3 = (3) 

(1,2) m=0 w=2 u=1 Lu, = 3 = È) 

(0,3) wm=1 w-0 m=0 Xu, = 1 = (3) 

The number of paths to a given point is one of the binomial coefficients 

Pascal’s triangle. For the lattice points on the ( 


nt 4 
formi? 


€ 4 y)th row, 
m S " 
X un = y e yy? 
m=0 a y " à 
This procedure can be continued for the entire maze and the separate 
Ug, 44,,...86 each point on the last row can then be summed. Thus 
R [ 
Ua es x Um- f Um 
T= 1 
The relation between the distribution of dots over the lattice a 


is discussed elsewhere (Davies & Davies, 1965). 


lues ° 


4 0. 
ndi val ues 


_ one b SENS 
y chance is 6 in 128 or U5;/27. Clear 
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The 
values of U,, for Fig. 1 are shown in Table 1. 


Table 1. Values of U,, for the maze item shown in Fig. 1 


m 0 1 2 3 
Um l4 59 49 6 


It will be seen that 


In gen 
general, 

DA U,-2 

m-' 

itis possible and permissible to pass is 
ugh them. The probability of following 
er the number of paths there are 
f them. It seems reasonable to 


TI " 
3 ro it pue number of dots through which 
g. Land there are six distinct paths thro 
thr ee ly, the few 
ei dots, the more difficult it is to find one o 
m Bo or rather its inverse, as à measure of the calculated difficulty of 
arranged : . should be remarked that this would not be true if the dots were 
on to the 3 orm some clear chain from apex to base. The dots however were fitted 
Patterns attice in a random manner and the probability of forming such regular 
orten is low.) The numbers obtained by evaluating 2R/U f are very large, and it is 
ione take their logarithm to the base 10. So we write for the calculated 

y of the maze D; log; (27/U)- 

t, the number of paths 


Th 

ere ar 3 
are two comments to be made about this score. Firs 

ithmic function is therefore a reasonable one 


vari 
to Po Pu ioi ian with R, and a logaritam? 
unfille te obtain workable figures; secondly, if we were to add to the maze a further 
maze row of lattice points, the value of the total number of paths through the 
Would double, but so would each Um; the ratio of 2? (total number of paths) 
ld thus remain unaltered. 


to U^ 
ñ (the paths through the maximunt number of dots) wou 
rly necessary for any scoring scheme. 


his j 3 
Th S a property which is clea Á : 
e value of D, was calculated for each maze 1n the set of eighteen 


that was used. 


n of the subjects solve 
pulation will find 
d so on. Table 2 
rank 20. 


The empirical difficulty of the mazes 


seme. ee an easy maze js one which 2 high proportio 
2 "dni Confronted by à difficult maze à small fraction of the po 
Shoy h through f dots and other fractions through m—1, ? 2, an 
vs the performance of the panel on a maze of 40% saturation and 


panel on & maze of rank 20, 


Table 2. The performance of the pv 
40% saturation 
6 Total 
No. of dots traversed (m) 16 15 14 13 12 1H 1 9 8 7 , v 
x g 2 — 
No. of subjects (n): Men 14 27 = 2m LÀ : ^ 11— 2 8 
Women 8 16 9" 7" 
The i 
m P j 
can value of m for the population as a whole 15 
zum 
My = Sn 
Gen. Psych. 56, 2&3 
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The value by which m, falls short of ñ is taken to be the empirical difficulty of the 
maze. 
D, = fh —m, 

(2-2 for the men, 2-6 for women on the maze referred to in Table 2). This was evaluated 
for each of the eighteen mazes using a panel of the 118 men and 98 women who had 
completed all eighteen mazes. (The total panel consisted of 300 men and 240 women 
uniformly spread between 20 and 79 years of age and in occupations representative 
ofthe national distribution.) D, was evaluated separately for men and women because 
men consistently find less difficulty in solving the mazes than women (Davies, 1965). 
However, the rank order of difficulty of the mazes was very similar for men and for 
women (Spearman's p = -- 0-97) and for subsequent analysis the mean of the ran ks 
for men and women was used. 


Comparison of calculated and empirical difficulties 


o 
The mazes could now be arranged in rank order of calculated difficulty and als 


xc à s 
in rank order of empirical difficulty. The correlation between the two sets of pe 
was computed and a significant relationship between the ranks was found (p = + o di 

e ma 


P « 0:01). The relation between empirical and calculated difficulty could b 
closer in two ways. Consider two mazes, M, and M, of the same rank, su 
M, contains J/,, together with additional dots which do not alter the value of W 
In these cireumstances the effect of the extra dots will largely be to obscure the be 

path. (They might of course increase U% without increasing £2). The saturation g: 
maze (the ratio of number of dots to number of lattice points) may therefore 


at 
ch tha 


the 


and saturations were averaged for men and women together and thes 
empirical difficulties are shown in Table 3. The analysis of variance reve? 
both the size of the maze and its saturation influenced empirical difficulty ithi? 
FP = 62-5, P < 0-001; for saturation F = 7-8, P < 0-05). It will be seen that ^ 
the range of size and saturation explored size has a much greater influene ə 
empirical difficulty than has saturation. These results are in accord with thos 
Elithorn et al. (1964). 


le 


Table 3. Empirical difficulty of mazes classified by rank and saturation 


Rank R 
¢ 5 
Saturation (%) 12 16 20 
20 0-28 1:10 1:65 
30 0-40 1:25 2-22 
40 0-80 1-52 2-55 


5 
"ET 
pficulty i6 Pup 


In introducing saturation into the expression for calculated di creas 


reasonable from the above analysis for the calculated difficulty to a 
saturation, but not very rapidly. Thus 


D; = logy( 27. 5*]U 5). 


Cm uU 
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Bins hene and graded scoring of Elithorn’s perceptual maze test — 299 
iba sud yer pnm values of a, values of D; were computed and the correspon- 
Pita beg vse with the rank order of empirical difficulty. The closest 
0-87. e was obtained with a = 4, when the correlation coefficient became 
a — Ms aati pel was effecte 
line aie Ae at more difficult the greater 
complete Fig ^ Mi s ) that were required to pass 
through ^^ in = three legs. The minimum number of legs (denoted by 1) to pass 
culty should viens found by inspection for each maze. Again, it seemed that diffi- 
ary very rapidly with 7 and | was introduced into D, as i" where bis 


a sec re 
ond empirical constant. Thus 
Usin, D; = log (27.55. P[U a). 
of D, t values of b the rank orders of D; were compared with the rank order 
n the correlation coefficient became + 0-94, with b = 4 or 5. 


d by arguing that, other things being equal, 
the number of separate straight 
through 4 dots. It is possible to 


The subject score 
ne of the rank 16 mazes with 30% 


The 
va 
lues of U,, for each value of m for o: 


Saturation ; 
ation is shown in Table 4. 


Table 4. Values of Un for a maze where R 
2 3 4 


19,366 9,716 


= 16,8 = 03,0 = 8 
2 0 1 2 5 6 7 8 
Ly 2,214 10,01] 20,078 2931 617 97 6 


I à 

ici ee made a random choice at each la 
low prob. B robability that he would pass through 2 or 3 
a subje ability of his passing through 6, 7 or 8 dots by 
has m i manages to find a path through 7 dots one may be fairly certain that he 
exerciei ai conscious departure from a random performance, and is presumably 
ast s ae his intellectual and perceptual resources to do 80. By analogy with the 
ion a measure to express the performance of a subject finding 2 path linking 


m dots 3 
mig 
à ai be Sy = log; (27/U m): 
ation from chance level per 


ttice point it will be seen that there 
dots, and there is à relatively 


is 
following a random path. If 


formance 


wing eels one may argue that it is the devi 
should be rewarded. In this case 

ere [7 S5 = logio (Us| Um): | 

Em 5; denotes the number of paths through the most frequently occurring value 

is not 20,078 in the above table. Sz has the advantage over A that the chance level 

tave rewarded at all. Both S; and S; display the defect that if a subject should 

" ve less than 7 his score would increase again; the instructions were, however, 

lippus path going through the maximum number of dots and none of our subjects 
m a perverse ingenuity. 

a little >» as in the last section, We 

with the saturation of the ma” 

8, = log, (2? 5*/U») 

— for including saturation int 

ough extra dots might not affect m they WO 


Whi 


may argue t nerease 
e. This generates two f 


and S7 
n the scoring 
ul 


Ti 
inb system i 
d certainly affect 0 


Since 
19-2 
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of U,,, and U,, has already appeared in the formula. There is, incidentally, no point 
at all in using a score which takes into account the number of legs used, since this 
clearly only applies when £n is achieved. 

The values of Sj, S2, S4 and S, for each subject on each maze were computed and 
summed for each subject. Thus the éóomplete weighted score for each subject is given 


18 
by T, = Xi S, and similarly for T, T; and T,. 


Comparison of subject scores and non verbal intelligence 

All our subjects had previously attempted Raven's Progressive Matrices test (1938 
version). A comparison between the number of Matrices solved and T4, Za Ts and? 
was therefore possible. The value T,—the number of completely solved mazes was 
also included. The product-moment correlations (men and women combined) between 
To and Progressive Matrices score was 4-0-53, that between T, and Matrices score 
+0-61. This increase in the correlation coefficient is statistically significant (¢ = 
P < 0-01). The coefficients for men and women separately are shown in Table 5- 

It will be seen that there is virtually nothing to choose between the four measures 
T, Ta, T4, and T,. The performance of women subjects correlates slightly less with 
Matrices score than does that of men. There is, of course, a marked difference E 
absolute performance, as mentioned above. The significant difference in the core ie 
tion based on the right-wrong score and that based on the weighted score shows th? 
the weighted score, in accordance with the theory, is a more sensitive measure z 
maze performance. It may be mentioned, in passing, that the Progressive Mairie. 
Score is itself based on a right-wrong analysis nd pueris from both the defec 
mentioned in the Introduction above. The difficulty of the Matrices rises very sharp 
That of the maze test also increases in order of presentation and one might reason? " 
expect a higher correlation between the two unweighted scores vius between e 
unweighted and one weighted score. The difference between the relation of To 2? i 
etc. to other tests may therefore be greater than appears at first sight. ich 

The great advantage of Elithorn’s mazes is that their structure permits a test eos 
may be continuously variable from very easy to very difficult. The structure ° we 
mazes also allows a scoring scheme to be devised which is en" on clearly de "d 
quantities and assumptions, whether those made above cs niis. These adva” T as 
make the mazes merit consideration as intelligence test items, though the te$ m 
not been directly validated with this object in mind. Owing to the primitive scor” i 
of other test items, no fully Satisfactory test of a wei hted score would ap P 
be available at present. b 


Table 5. Product-moment correlations between various measures of maže 
performance and score on the Progressive Matrices test (1938) 


To T. T, T, T, 
4 0-61 


Men + 0-54 4-0-62 --0-62 2 
= -62 4-0:62 .60 
Women 4-052 4- 0-60 h 7 4.06 
--0-59 +058 "T 
" s š en ong 
Finally, Table 6 gives values of S, = log (Ux/U,,) for each of the eight jini 

t 

e 


mi 


It is only applicable when the subject does not know the value of (à. A P? us 
less than 5i dots is given no credit and is denoted by ‘—’ in the table. 
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scoring scheme, count the dots (7) linked by the subject on a maze and obtain the 
weighted score for that maze by locating the appropriate row and column; eg. if 
6 dots are linked in maze 103, the subject is awarded 0-72 for this maze. The subjects 


total score, Ts, is the sum of all credits for the number of mazes attempted, hence 
the maximum weighted score — 55-45. 


The writers would like to acknowledge the assistance of Mr J. M. Watt, Department of 
Numerical Analysis, University of Liverpool, who wrote the programme giving U,, for cach Mam 
of m on any maze; also the computational assistance given by Miss P. A. Robinson of the Medica. 


Research Council Unit for Research on Occupational Aspects of Ageing. Tho writers are also 
indebted to Dr A. Elithorn who supplied the test material. 
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RESPONSE-FACILITATION ON REPETITION OF A 
LIMB MOVEMENT 


By PATRICK RABBITT* 


Section on Ageing, N.I.M.H. National Institutes of Health, 
Bethesda, U.S.A. 


au = choice-response tasks responses are made faster when they are repeated 
ise = = they follow other responses. ‘This *response-repetition effect’ was first 
est oe oo conditions in which a unique response was made to each member of 
ri 2: signals (Hyman, 1953; Bertelson, 1961, 1963). Repetition implied 
eee ition of a signal, and possibly, therefore, of the entire sequence of events 
data he in its discrimination and in the selection of an appropriate response. The 
pil gged the question of whether the repetition of all components in this process 
ie hi equally to the observed reduction in response latency. 
Pie e (1965) has since examined a task in which the appearance of either of two 
Peine "pen for one response, and the appearance of either of another two required 
heated response. Repetition effects were still obtained when responses were 
in even though signals were not. In short, repetition of a signal is not 
tine ri for a repetition effect. The present experiment was carried out to deter- 
pattem her a repetition effect might be obtained when neither a signal nor a precise 
of muscular movements is repeated. 


METHOD 


aged 18-29 years, none of whom showed any insight into 


Ei 
ighteen young right-handed people, 
62) ‘Psychomet’. Ten signal lights 


e "n 
Were oe of the experiment, were tested with the Birren (19 
hie 1 in. apart in a horizontal row across the upper half of the subject’s control panel. 
light was sot 6 in. vertically above a 1 in. square switch closed by any light contact. The 


age A 
d Signal lights and associated switches may be imagined to be numbered from 1 to 10 reading 
The subject responded to the onset of any eee 1 

beneath it with the forefinger of his left hand, and 
f his right hand to answer lights 6-10. A correct response 
rammed sequence came on within 


were based on tables of random 

si gnal light appeared oqually pee no 

Bual ever folli i the probability that a response with one hand would follow a 

*esponse with Sred eu tbe pe lightly us fes (P = 0-556) than the probability that two 
tho same hand (P = 0:444). 

thirty responses until it was clear that he understood 

a sequence of 300 signals and 


d and he ran through 
d accurately as possible. Intervals between 


Ww “cessive responses were timed to within 0-01 sec, and recorded by 2 SETAR (Welford, 1952), 
m also identified each signal presented and the response mado to it; 2 print-out of the record 
nae and scanned by eye to determine responses following responses made with the same 
Sn and responses following responses made with the opposite hand. Mean response latencies in 

separately to three significant figures. 


S of these categories were calculated for each subject sepa 
means and standard deviations set out in Table 1 are derived from the mean response times 


* 
Now returned to Medical Research Council Applied Psychology Research Unit, Cambridge, England. 
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obtained for each individual subject. Latencies of errors and of error-correcting : camer ne 
known to be atypical and so were excluded from this computation. No subject made more 
five errors during a run. 


Table 1. Latencies of responses following responses made with the sume hand compared 
with latencies of responses following responses made with the opposite hand 


(Means of means of eighteen subjects) 


Latencies (msec.) 


SaaS oe 
Mean S.D. 
Responses following responses with 534 38 
the same hand 
Responses following responses with 581 42 


the contralateral hand 


RESULTS AND DISCUSSION 


Responses following responses made with the same hand were significantly faster 
than responses following responses made with the opposite hand (t = 3:58; P < 0:01). 
The probability of alternations between hands was greater than the probability of 
repetitions of the same hand, so that this effect cannot be d 
on learning of the transition-structure of t 

These data show that a ‘response 
a particular signal nor a particular s 


ue to expectations base 
he sequences of signals presented. . 
"repetition effect? may be obtained when neither 
equence of muscle movements is repeated. A suf- 
ficient common feature appears to be the selection of the limb with which the response 
is made. Bertelson's (1963) results imply that this effect cannot be related to transient 
improvements in muscular tone in a limb which has recently been used. Thus the 
effect in this case must depend upon the repetition of only one of a series of decisions 


in the central nervous System which may collectively be called the ‘program’ for the 
selection and organization of a response. 
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A NOTE ON SOME CRITICISMS OF THE MOWRER/EYSENCK 
CONDITIONING THEORY OF CONSCIENCE 


Bx H. J. EYSENCK 
Institute of Psychiatry, University of London 


In a recent paper Argyle (1964) has presented a brief criticism of the Mowrer/ 
Eysenck theory which attempts to account for the process of socialization and the 
development of conscience in terms of Pavlovian conditioning (Eysenck, 1964). 
Argyle makes several criticisms which, however, seem to be based on a misunder- 
Standing of the theory. For instance, he argues that according to this theory: ‘The 
more children are punished the stronger should be the superego. As far as physical 
E nishiont is concerned the opposite is found.’ This argument confuses the distinc- 

lon between punishment and aversive conditioning, and as this confusion appears 
Quite widespread it seems desirable to put it right. The Mowrer/Eysenck theory 
Makes use of the concept of conditioning in which the time interval between CS and 

CS is well known to be extremely important; aversive conditioning only takes 
Place if the UCS is administered very soon after the occurrence of the CS. Punish- 
ri is an all-embracing term which would include aversive conditioning but also the 
2 je nistration of UCS at time intervals far exceeding those at which it could reason- 
of y be expected to aid in the formation of conditioned responses. Thus the occurrence 
eri as such may be, and often is, quite irrelevant to the occurrence of 

oe I have discussed this point at great length in Crime and Personality 
Seite it seems to me a cogent argument against the hypothesis that legal punish- 
‘t 1s efficacious in producing control over antisocial behaviour in situations where 

© Individual concerned is not under surveillance. My position is thus identical with 
vss Argyle when he says that: ‘The role of physical punishment seems to be 
carry, ed to control of behaviour in the presence of the punitive agent, but has little 
iaki t to other situations. Thus Argyle. advances the same criticism of legal 
an ment but seems to regard it as a criticism of conditioning theories. This does 

* em to be logical or permissible. The type of conditioning Ihadin mind was that 
follow, Occurs very early in the child's life when a misdemeanour is immediately 
within by a slap, withdrawal of love, or some other punishment administered 
addeq si time interval known to produce Pavlovian conditioning. (it might be 
received Parenthesis that the fact that ‘numerous studies show that delinquents have 
MY the mote physical punishment than others’ may easily be explicable in terms of 
and "md by suggesting that it is in these children that early conditioning has failed 

it is because of this failure that punishment was later administered.) 
ar Sen is did not consider another point to which I have devoted a chapter. My 
may leat I5, and I have supported it with some independent evidence, that emotion 
pem e consolidation rather than the suppression of criminal behaviour, and 
lather ent may, through increasing motivation, have the -effect of promoting 
"vie uan suppressing tho behaviour which is being Punished: There is ample 
or this proposition (Church, 1963) and taken in conjunction with the points 


re 


306 H. J. ExsENCK 


made in the preceding paragraph these considerations seem to render nugatory 
s dene eee that ‘It is withdrawal of love which seems to produce ee 
seme formation; if this can be interpreted as a more severe kind of perme 
than physical punishment the theory could stand, but there is Ur ome = 
theory to suggest why this should be go.’ This is a complicated point but : aki e 
haps be argued that the comparatively light punishments which are mete 


there is a strong positive relationship within the family. Evidence for this med 
although somewhat indirectly, from the Solomon experiment described in detai 


"P a 3 h 
Crime and. Personality; he found that aversive conditioning in puppies was muc 
more effective in those who had been fed by the e. 


d 
ausal way produce the latter. As I have E 
xplanation for the existing correlations, but there 


child (e.g. refractoriness) may call forth 
; Such a sequence of events mi 


-— 
correlational evidence of this kind to discus 
impartially the various feasible interp: 
Which is more in accord with his hyp ser] 
There are, I think, two criticisms which may justifiably be made of the Mow pe 
Eysenck hypothesis, The first of these ; 


y se is that very little is in fact known abon 
exact details of the early upbringing of children, and the effects different que 


othesis, 
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may have on their behaviour and their ‘conscience’. It is to be hoped that the for- 
mulation of the theory will lead to more pointed research in this area. The other 
criticism is that the possible influence of operant conditioning (positive reinforcement 
leben activities) has been overlooked too much. There is an obvious reciprocal 
" Ibition of ‘good’ and ‘bad’ behaviour, and the possibility cannot be gainsaid that 
E pes d cases the building up of good habits through positive reinforcement may lead 
ad ie a ag inhibition of bad habits, without the necessity of postulating a 
Given ei acquired through the Pavlovian type of aversion conditioning process. 
at dor s addition to the theory, however, I feel that it can encompass satisfactorily 
oh nown facts in this field and can lead to better experimentation than has 
aracterized the past thirty years. 
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EYSENCK'S THEORY OF THE CONSCIENCE: A REPLY 


By MICHAEL ARGYLE 
Institute of Experimental Psychology, University of Oxford 


Eysenck (1957) put forward the theory that the conscience is based on avoidance 
conditioning. I put forward the view (Argyle, 1964a), that it is due to the learning of 
Self-reactions, and criticized his theory. He has put forward a gps revised 
Version of his theory (Eysenck, 1964), and replied (Eysenck, 1965) to my 
critici . 

er E was that the avoidance conditioning theory is inconsistent with the 
finding that conscience-formation is inversely correlated with amount of physical 
punishment, and that delinquents have received more punishment than non-delin- 
quents. In the recent statements of his theory Eysenck has clarified and somewhat 
modified his theory in a way that evades this difficulty. He Say ne ia 
between two kinds of punishment, and this provides an ad hoc explanation of these 
Apparently discrepant findings. Aversive conditioning isa kind of vua. nir 
Occurs very early in the child’s life when a misdemeanour is imme - e m se 

Y a slap, withdrawal of love, or some other punishment ripis c he 
time interval known to produce Pavlovian conditioning (1965, p. 3 : P : = 
distinguishes this kind of punishment from heavier, more delayed punis Poem iS, 
older children, which would have the reverse a creating rigidity, an 
thus an a he behaviour which was punished. . u 

e tas ea his views on a second aspect of his theory. He iy en 
Maintained that delinquents should be extraverted, since the latter pom E em y. 

ne of the British studies with the M.P.I. have confirmed this, "i thers : 
evidence that some delinquents, e.g. psychopaths, are impulsive ( neta ro 
GXtraversion *). This, too, is a welcome revision, but it does limit E a . ks m 

ory—to saying that psychopaths are impulsive, and condition ex y- : o 
Show how psychopaths differ from other extraverts who are not delinquen m " 
, lweleome these revisions, and I should like to restate my remaining M. ac oM : 
Sa sound Strategy to seek a reductive explanation of complex phenomena roe 
familiar and elementary processes. However, there is a danger of overloo a i 
Tue Complexity of the phenomena to be accounted for. Can the —— t 
Conscience be explained in terms of the kind of learning which governs eye-blinks? 
ssibly it can, but not in any simple way. The conscience consists of guilt and other 
complex self-reactions, not merely of restraints on particular responses. For example, 
Children from eighteen months onwards verbalize the restraints, e.g. saying ‘no’ or 
f n't touch’, echoing parental reactions. In my paper (1964a) I suggested that a 
‘ther explanation of this could be in terms of the learning of self-reactions from 
Parents, either by avoidance conditioning, positive reinforcement, or verbal per- 
Suasion, In that case the two theories could be compatible, but at different levels, 

Y Objection to Eysenck’s account is that it fails to show the most important aspects 

© learning process here. 
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i i involved in 
In fact several rather different types of social learning he 2 eae eae: 
3 i i ing identification, and various 
ialization and attitude change, including i t b — 
eh verbal influence (Argyle, 19646). It is not yet known if these 
cognit 
; ; is is usually 
fairly clear that they can take place without any reinforcement as this is 
P j . -— ion, the 
EC a number of kinds of learning can occur during i d 
im is which do occur, and under what conditions. I have aua pP ree 
Mv enm (Argyle & Delin, 1965) to show that Socialization processes are polen 
versal, but only take place under certain conditions, Some require a warm mui 
2 
with the mother, or only work for boys, or for ectomorphs. Eysenck has p ee 
i itioning works best for introverts ; e 
en there is a warm and dependent re 


only remedy is to Study adopted chi 
problem where, as in my study, totally different be 


:kewise 
e child, and at intervals afterwards, and like 
of child Personality. M 


—402. 
arning. Brit, J. Psychol. 56, 391-4 
chology and Social Problems, London: Methuen. 7-86. 
5; M. & Deroy (1965). No cialization. Hum. Relat. 18, 77- 


Koga” 
Hysteria. London: Routledge and 
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Eysenox, H. J. (1965). An 
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COMMENT ON W. P. BROWN'S CONCEPTION 
j OF PERCEPTUAL DEFENCE 


By E. M. COLES 
Department of Psychiatry, University of British Columbia 


Ina monograph supplement to this Journal, Brown (1961) attempted to establish 
the thesis: ‘That recognition thresholds at first rise with increases in stimulus 
emotionality, but reach a peak, and subsequently fall with further increases in 
stimulus emotionality’ (Brown, 1961, p. 44). This thesis is contrary to what might 
have been predicted from Duffy’s concept of arousal (see Duffy, 1957, p. 268; 1962, 

y E 112, 123-4); and from the results of an experiment by Trehub's (1954), both of 
ich Suggest a U-shaped relation between thresholds and stimulus emotionality. 

There are three possible explanations for this apparent contradiction. First, it 
May be argued that, although the change in recognition threshold is not in keeping 
with Duffy's concept of arousal, the efficiency of the defence mechanism is. Secondly, 
the direction of threshold change may be dependent upon the threshold as well as the 

gree of stimulus emotionality. Such a hypothesis has been put forward by Blum 
(1954). Thirdly, the experiments cited by Brown may not have used valid indicators 
of stimulus emotionality. It is the purpose of the present note to elaborate on this 
B Possible explanation, and to point out that the generality of Brown's thesis is 
Supported by the evidence he presented. 
town’s evidence is derived from three main experiments: Bruner & Postman 
mun, DeLucia & Stagner (1953) and Brown (1961); and from four confirmatory 

Periments: McClelland & Liberman (1949), Neel (1954), Moulton, Raphelson, 

"stofferson & Atkinson (1958), and Levy (1958). 
iue Pob of the main experiments the associative reaction-time was used as the 

at dm of stimulus emotionality. Nowhere in his monograph did Brown establish 

^ usis a valid criterion. In fact, there is evidence to suggest thatitisnot (Laffal, 
e SATUS, 1956); and Brown (1964) has, himself, subsequently stated that the 
com x ive reaction-time is not a valid indicator of “emotional disturbance unless 
Toparden, with other measures. Thus, the confirmatory experiments, which Brown 
in as weak supporting evidence, become crucial for the generality of his thesis. 
istinct a to establish a curvilinear hypothesis, it is necessary to measure three 
Teferen, evels of stimulus emotionality. The abstract which Brown cited as his 
evels ce to Neel’s experiment suggests that her experiments provided these three 
` 2 79Wever, examination of her extended report (unpublished) reveals that this 
> In fact, the case. 

e three remaining confirmatory experiments, Brown has reinterpreted the 
" data in order to obtain evidence in support of his thesis. While it is true that 
Orio; = pana can contain evidence relevant to a hypothesis other than the one the 
interpreter enters had in mind, since the results are capable of more than one 

ation, they cannot provide crucial evidence for either. 


Ass 


Was not 
In th 
Original 
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It must be concluded, therefore, that, whereas Brown has demonstrated a rii 
between thresholds and associative reaction-time, he has not provided an unequivoca 
demonstration of a relation between recognition thresholds and stimulus emotionality. 
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„qen? 
? perceptual defence, striking out all the evi th 
lative reaction-time, we are le 


I ” sipe 
h : nce: emotion both raises and lowers thresholds. My curvis, 
ypothesis, however weakened, stil] provides a, possible resolution for this col 
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diction. However, until we find a satisfactorily valid measure of degree of stimulus 
emotionality, we are in no position to test any hypothesis that is complex enough to 
have a chance of proving adequate. 

: Iam not yet willing to write off associative reaction-time completely as an emotional 
Indicator. The trouble is not that it is not sensitive to emotional disturbance, but that 
it is sensitive to other variables as well. In a forthcoming article which is an extended 
Version of the abstract referred to by Coles, (Brown, 1965) I suggest that it might be 
Possible to construct a word-association list in which long associative reaction-time 
Would be a valid indicator of emotion. But I admit that I know of no researcher who 
has done this. 

Finally, we seem to be left with a demonstrated curvilinear relation between 
thresholds and associative reaction-time. I have argued in the monograph (Brown, 
1961, pp. 58-9), and I still feel, that there is no obvious way to account for this 
relation, Tt is a tantalizing problem, and it deserves to be studied in its own right. 
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APPARATUS NOTES 


A SIMPLE METHOD FOR AUTOMATIC PRESENTATION OF 
SEQUENCES OF AUDITORY AND VISUAL STIMULI 


By D. ROWAN axp W. STEVENSON 
Regional Physics Department, Western. Regional Hospital Board, Glasgow 


In Psychological research it is sometimes necessary to present sequences of stimuli 
With various intervals of time and for various exposure times (e.g. Chapman & 
McGhie, 1962). 

If the optimum timing is to be discovered empirically the equipment has to be 
flexible and the programmes easily changed. Where several types of auditory signal 
are to be presented, as in the distraction experiments for which the equipment was 
designed, the method to be described has distinct advantages. 


Equipment 


The requirements of the system were: 


(a) To Operate two lamps in any required sequence for any desired times of ‘on’ and ‘off’, 
a el ?) To present a distraction tone to either left or right ear in any roquired sequence and for any 

sired time, coupled with the facility of synchronization of tones with lights. 

(c) To record the operation of lamps, distraction tone and patient’s response. . 

(d) To have provision for word distraction to be applied to the patient coupled with the 


facil : 
ility of Synchronization of words with lights. 


P s equipment employed consists of (1) a two-channel tape recorder, (2) a six- 
annel event recorder, and (3) a control unit. 


The Control Unit 

eue control circuit, shown in Fig. 1, incorporates à reed bank—an electromech- 

ical device which is frequency selective. The reed bank consists of a single coil 
ten gold-plated reeds of different resonant frequencies within the range 250— 
fre c/s. Only four reeds are used. The application of ws appropriate resonant 
r Wencies f, Fo fas f, to the coil energizes the reeds Y, Yo, Y, Ya The reeds control 
RL,, RL,, RI, RL, which operate lamps L, L, and earpieces Qr Q, respec- 
and simultaneously actuate the event recorder. Since the energizing currents 
is lese relays are fluctuating, reservoir capacitors C2, Cs, Cy, C; are m s 
pe. © Proper operation. When relay RL, or RL, is energized the output of the 
"00 fs transistorized oscillator is fed to the corresponding earpiece. 


500 


I" Operation 
!g. 2 is a block schematic diagram of the apparatus. To make up a programme the 
i Signals f. fos fy fo Which are obtained from an audio signal generator, are 
°rded on the tape deck. The recording times of the individual frequencies and 


a : : 
Ces are determined by the required operations of lamps and earpieces. To operate 
20-2 
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T, 
Signal from Reed coil 
tape recorder 


1000 c s oscillator 


porating the following components: RL;, eL», RLy, v 
(relays, type 3000, 20 K9). T, mains transformer (Sec, 0-24-30 v, 1A); T, input eee 
A io 6:1). Zis Zan Zs, Z, (bridge rectifiers, 5| 
100 mA). Ly, Ly (lamps, 6-3 V, 0-3.A), TR, 0C71; 4 


"a BS 
i TR, OC71; TR, OC72, Rood unit, R.E 
Produets, Middlesex), 


R, 6800 R; 27KQ 
R, 6800 AR, $3KO 
R 1KQ BR, 1KQ 


Ri 27KQ 
€, 50MFD 
C, 0-5 MFD 
C, 0-5 MFD 


Rs 680 

C, 50MFD 
C, 50MFD 
Cs 0-02 MFD 


Cy 0-02 MFD 
C, 0-5 MFD 


Cio 8 MFD 


[^ 
—o | 
5 + 
key 
o2 
[ ] Right 
Tape L—] lamp 
recorder 
[^] Left 
earpiece 
I—o03 
] Right : +] 
earpiece key 
4 
Event 
recorder 


Fig. 2, Block Schematic diagram of the equipment. 
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the ; 
yen ens oe f and f, are recorded on track 1 and the tape recorder 
Cc delay ora E To incorporate tone distraction, frequencies Js and f, are 
Nos: of tone oil an the tape recorder played back on track 1+ 2. Synchroniza- 
fiios : ie d with either lamp is accomplished by recording the tone 
bred reis E line with the appropriate lamp frequency recorded on track 1. 
Süden bee "em t€ the lamp frequencies are recorded on track 1 as before and 
il ans dos Ee eis recorder is played back on track 1+2. In this case, the 
Subject ced E y to both earpieces from output 2 of the tape recorder. The 
stimulus, i. ena 7 eft : lion morse key in response to the corresponding light 
Pink tenia ation of the keys being recorded on the appropriate channel of the 
ed im Eie of programmes may be accommodated on a single reel of magnetic 
^ eie e ion of any individual programme being facilitated by the use of 
in dicton alie Petrean programmes and by reading off the tape position 
S ipo dedke ed programmes are easily discarded by means of the erase head of 


This work 
Wish to e was supported in part by a grant from the Medical Research Council. The authors 
snowledge the many useful discussions concerning the design of the equipment with 


Mc E 
foie eii meee and are grateful to Dr J. M. A. Lenihan for his constant support and en- 
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AN INEXPENSIVE DIGITAL STOP-CLOCK 


By JOHN SPENCER 
Department of Psychology, Bristol University 


E ; Eres variety of laboratory situations exists for which a stop-clock is an essential 
temporas applies to both teaching and research situations which often only require 
Stances "d lash-ups? on which not much money can be expended. In these cireum- 

“ae present unit is probably adequate. It is not as accurate as a ‘Chronotron’ 


In th. 
at à ` : * 
. it only discriminates to -th sec, but being a counter it happily measures from 


See 10 age š 
Very y up to about 26 hr before it starts to repeat. This is a useful compromise where 
A Tiebie cycle times have to be measured because, if a reasonable sample of 

an be obtained, an accurate measure of the mean time/cycle can be obtained 


Or 
Comparisons, 
is : x 
tobust Useful if such a clock is easily portable, physically compact and mechanically 
Clog, ^ 224 it is important that such a clock should be reliable and easy to read. The 


: à 3 i > H 
total m n fulfils these desiderata reasonably well and it is easy to make. 'The 
of components at current prices is under £r. 


ta 
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Design l d 
; switch. 
lock comprises two parts: a multivibrator and a monostable sw 
he clock co 
Pine transistors and operate from a 12 been, im — frequen 
x os ides pulses of 2 msec duration a s enn I 
The multivibrator provi m lao 
: circuit selected has the great adv. g abtemps ame 
eee rude pus on its operation. It is also comparatively indep 
have very 


d 
v e cripti f circuit adopte 
ttery voltage changes. A more detailed des ription of the type of circui 

batter ges. 4 

is given by Foss & Sizmur (1961). 


External contact 


[1 close to run 


OC 83 XC 141 -— 
Sistors are rated 10 95, 1 W unless of! 


p-elock. All re: 


indicated; 25 uF capacitors can be electrolytic, 15V 
king. 


‘ lectro- 
d.c. working; 10A capacitor can be € 
lytic, 6 V d.c. wor] 


«cs do 
n ich trip . 
coupled to the monostable switch whic vot 


E ; it deli 
each pulse. When the switch trips pu 
a heavy current (0-8) to the coi] of the electro-magnetic counter. Thus; 


e 
HOW WA arrang j 
S one unit to its indication. The circuit is so tob 
that only during the measuring period are 


in Fig. 1) < 
bya high resistance (56 kQ, in n period, 
nal contact be closed for the measuring 
d.c, current, ar 


"m 
nd can be very small. A photo-resist 


Apparatus notes 319 


used, for example, as an external contact, but the illumination changes must be 

sufficient to cause a large and abrupt resistance change ifno amplification is provided. 

s capacitor, C, is calculated as 19-44F. Owing to the tolerance on electrolytic 

aes it is easier in practice to build up from several available values until the 

ie 0 pulses/sec are achieved. Alternatively. tantalum or paper condensers may 
: used to give greater stability, at greater expense with the former and greater bulk 

With the latter. n 

e counter is an electro-magnetic counter Type 4426—551-821 (English Numbering 

ines Ltd.) with manual re-set. 

a 0-30 resistor can be simply made by winding 1 ft. 10 in. of 36 s.w.g. enamelled 
Pper wire onto a matchstick, and then varnishing or impregnating with poly- 

Styrene cement. 
The prototype unit, excluding b 


lo 3 alte 
ant and weighs 16 oz. Quiescent current drain is 
iring the 15 msec switch phase to about g50 mA. Accuracy of timing an accurately 


qe duration was +1% under constant environmental conditions. According to 

jam & Sizmur (1961) the P.R.F. will rise by about 4% for a change in transistor 
peratures of 30°C, from 20° to 50° C. Under any normal circumstances in 

®oratory use a change of temperature of this magnitude is extremely unlikely. 


atteries, fits into a tin 3-25 in. diameter by 4-25 in. 
approximately 33 mA. This rises 
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PUBLICATIONS REVIEWED 


A Short History of British Psychology (1840-1940). By L. S. HeanNsHaw. London: 
Methuen. 1964. Pp. vii+331. 35s. 


oo has recommended a group of American texts for his introductory course since the 
Eee ionem. of Munn, the present reviewer started to read the publisher's blurb of this scholarly 
VEL. early important work by a major British psychologist with a heart which would have sunk 
m more had he not remembered that its erudite author had in fact made, some years ago, some 
bud Complimentary remarks about that well-produced and, in a real sense, still comprehensive 
fon oe survey. Ignoring though it did contributions from this side of the Atlantic, it was far 
came ' the role of British pioneers. Several generations of post-war students have been 
the ed and stimulated by what Prof. Hearnshaw describes as the *modern tendeney to regard 
i ai through American spectacles’, for psychology not so very long ago was almost as 
end a, Yy unenticing a science, judged by its introductory texts, as economics. Most practically 
a it ally inquiring young people like to think that their intellectual adventures will cast 
dus Bitor light on the world around them and give it new colour, besides presenting them with 
e t into their own development and their relation to themselves, their fellows and their 
adi T Just as Nicholson's Elements of Economics flung, like tablets from Sinai, Laws of Supply 
E emand and definitions of high abstraction at the head of a sixth former wanting to under- 
3 the Wall Street crash, so Stout's Manual of Psychology had the character of the Oxbridge 
Dados college garden midsummer musing and was not as far away from the philosophical 
do as its author thought when he presented, boldly in his day, Hughlings Jackson's 
Bate of levels of physiological processes as corresponding to organized and systematic mental 
eme; ity. Professor Hearnshaw is quite right in discerning ‘anew mode of psychological thinking 
nis BB in Stout's psychology 'in spite of its old-fashioned dress ; and it is part of his great 
Trative skill that, in the many complications of this interesting but well-condensed exposition, 
torn stream of this ‘new mode’ is traced from its many early springs in the nineteenth- 
of Gai. writings of Carpenter and Maudsley, and followed down its main tributaries in the work 
alton and Pearse, Sherrington and Head, Lloyd Morgan and Hobhouse, Graham W allas and 
eDougall, to their more recent parallel courses (giving hope of eventual confluence into a single 
ver) in the present London and Oxbridge Schools, influenced in their very different ways by 
of ae and Burt on the one hand, and Myers and Bartlett on the other. The social psychology 
in 16 development of the group behavioural process that is science, the influence of original 
War 5 and strong personalities, the practical pressures of social problems, of political ideals; Ej 
it Of tho rise of new sciences and of the passing cyclones and anti-cyclones of philosophy an 
physics, all are considered in a meticulously documented manner and each of the fifteen 
apters of this survey is provided with a valuable select bibliography. . 
© book, as such a history must be, is full of curiosa. We learn that the first psychologist to 


nalysis of vari Y H. Thouless in assessing Whateley Carrington's work on *trance 
tap. eir mann ychical Research); that the Reading 


Personaliti i 
à ities’ (i ; j of the Society for Ps 
it UM planer 8 f annual grant of £10 and a ‘very foul 


Niversit; t: 
; y departme vas started by Wolters with an : 
x y sue rage ey udo rchies (1915) had as first Presidents Perey 


le’. that th 4 

: e Society for the Study of Orthopsy s firs 

nan and Lim. Hobhouse and gan a training course for nurses which included a personal 
, 


analysis , 
an q gements necessarily abound in à work inescapably bound up with the need to evalnate, 
for x COHY of these, but not all, are agreeable to this reviewer. It is disappointing, for instance, 
and one-time member of R. G. Collingwood’s lecture audiences and seminars to find his subtle 
of g ?dly attitude to the development of psychology represented only by his tart criticisms 
Cong, earman’s ‘cognitive’ psychology- Collingwood was fond of comparing the fruitfulness of the 
With d t of unconscious motivation for the furtherance of our understanding of human behaviour 
little "8 barrenness of ‘noegenesis’ and, although he may be accused now of being perhaps a 
‘creath T oPtimistically Freudian, who shall say he was wrong about Spearman’s laws of 
ue thinking? Certainly it would be unfair to give the impression that he ‘derided’ in 


ri 
1 


e 


uso ai 
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any way 'the modern claim of psychology’, as such, ‘to bea "Science". He felt that the anen 
of psychology was more related to the processes of the body in which the laws of nature ran an 
to our feelings than to the logic of thinking, and that the progress of the science therefore cou 
be best pursued in the less rational aspects of man’s behaviour. 


an interest that led one philosopher into the academic renegadism to psychology so characters 
of many of the early psychologists in this history. Sir David Ross's services on the Board ¢ 
Studies in Psychology were invaluable in preparing for the establishment of the Chair, but it s 
sad to find that H. H. (Perception) Price is given no mention in Prof. Hearnshaw’s treatment o 
the academic and philosophic background of Psychology between the wars in this chapter XIV. 
Price was one of the first to introduce a critical and informed discussion of E. B. Holt’s be 
Freudian Wish and encouraged all his Philosophers to take a serious if critical interest in American 
5, indeed, the early criticism which psychology e 
nd a more properly comprehensive expan S. 
e Concept of Mind had a bencficial and i-— 5 
n inquiring mi ing ur ‘cong 

studies’ in the academic firmament— first, eee bs er Net aac ^, but a 
for long, one would expect. — many well-produced American tex 
books full of empirica] inquiries lying ab Mir i 


s we! 


nee—a sense of historical and social process ^ plo 
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individuals. discovery through the individual endeavour of rem st BY 
GEORGE WE 


64. 
. E. EsPzn, Philadelphia: H, B. Saunders. 1° 


È vn owledg? 
ory of psychology. First, knOW ay 


: eae s 
buche Pit rui a T avoid repetitions and to take advantage of possibilities oe pots 
8 ago ormant. Secondly, knowledge of our ne ot 
i it contributes to the general ect 


in this respect, Tg contains q Er li that Confronted them Professor Esper's pear c? 
of physiology as ‘the basic science’ nq dition which is used to grind axes about the imp". pot 


so much a history of ps chol g ? paradigm of past thinkers. 
Presumably one g ood ORY as a polemic paddeq with anippate. ah past thinkers: ear? 
i Y of psychology is to try to 8°t © ered 


about the differences between the various rue the histor gather 
i e—to sort out wh of Inquiry that historically have pe osopbie 

questions, sociological questions, etc., as distinct f veof Physiological questions, p Espe! vr 

chapters on these diffe rom Psychological ones. Professor P 


Tent approa . inst 
that ‘the problem with which Plates ruseates the issues. We coe 2 the 3 " 
im his theory of “forms” arose fro io 


ideas of primi ae nceP a 


u 
vid we! 


; ; 2 $ Y 7 
Prof Bapore perience P stored in coded form SA [ws m the - Um fustreteS n 
eneral failure to E: "dc ag ant" 
Understand p th how Problems arose ea the types ° p cant? 
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tio z qz ERN n : 

pom from linguistics" or physiology is chanted over them. For all his admiration for 

ree e; he missed one of Aristotle's most important contributions to psychology—his attempt 
inguish its concept from those of other sciences such as physiology and physics. 

R. S. PETERS 


T S 
fe Acquisition of Language. Edited by U. BerLucI and R. Brown. Monographs 
the Society for Research in Child Development. 1964. Vol. 29, no. 1. Pp. 191. 


C ; 
[om Reasoning: A Study of Intellectual Development. By JAN SwEDsLUND. 
onographs of the Society for Research in Child Development. 1964. Vol. 29 
no. 2 Pp. 39. iar 


oe monographs are important ones. The first reports the proceedings of the fourth 
es eie go by the Committee on Intellectual Processes Research of the Social Science 
System Au The ground covered by the papers includes: the child's earliest grammatical 
ate System, Ms e subsequent system with word class markers; the indication that early grammars 
can bo pr ec ic derivations of adult grammar and that certain features of the derivative grammar 
and bee: icted from the mean length of utterance; the growth of vocal and verbal behaviour, 
Verbal aa e ationship between these during the first 30 months of life in order to elucidate the 
mado in Uia of schizophrenia occurring later; a sound spectrographic analysis of verbalizations 
of Sein e first 3 months of life; a discussion of language development in children with a variety 
Wie OH system deficits and peripheral deafness; and a speculative account of the 
With a ip uan mediation processes and the acquisition of language structure, together 
er topics. 

Foie the papers provide new and interesting findings, others report studies just beginning. 
run, but pres s judgement, not all the papers will be proved to be equally valuable in the long 
Conferen, ey aro stimulating—as are the views of the formal discussants. Moreover, this fourth 
Tho ins maintained the general level that we have come to expect from the three earlier ones, 
h io ee were drawn from many disciplines, and linguistic concepts are often used. 
ere ig ately for the psychologist, when he tries to work in the field of linguistics he finds that 
Mono nO one point of view, for fundamental issues are now controversial. Nevertheless the 
State pe will give the student of language development a clear and authoritative picture of the 
of much relevant research in the U.S.A. at the time of the conference, and, as such, it 


Cay 
CM ug neglected. 
lund first defines the construct of concre 


Nethodologi 
& corta ological rules were applied to the devising o 
1n response, one could infer with maximum certainty that concrete reasoning had occurred. 


Ore 
N Bea a the author makes clear the criteria upon which the correctness of the answers was 
i - The tasks were administered individually to 120 children attending an elementary school 


9lorado whose ages ranged from 4 years 3 months to 11 years 4 months. 
i concerned, that if a child gives the correct 


te reasoning, and then explains how twelve 
f nine test items in order to ensure that, given 


es 

ower Show, as far as intra-item relations are o e 
gree © any one item, it is possible to predict that he can justify his reply with a fairly high 
= f inter-item relationships, the difficulty of the items 


Tanged freomidence. But, in the matter o =: 
s rom 122 passes to 77 passes. These latter results led Smedslund to realize that in de- 


Eni : à l 1 
haa 4, 8 his Study he had failed to control both for variations in the kind of task which the subjects 


o s 
;- Perform, and for perception, as from one item to another. : 
ell conceived and executed in the light 


of Bie. ip nograph reports a thorough piece of work, wi 1 1 1 

Mickly und's knowledge at the outset. Yet when he discusses his experiment in retrospect, he 

Rate ote out its weaknesses and makes valuable suggestions for future research to investi- 

Much fi ellectual structure when certain variables have been held constant. The author learnt 
Tom his study: so will the reader. The cover of the monograph states, ‘1963 award’. 

X. LOVELL 
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Disorders of Language. Edited by A. V. S. pz REvck and M. O'Coxxon. London: 
Churchill 1964. Pp. xii4-356. 50s. 


| was E ation (Psychology Section) meeting e 
Language at Norwich in 1961. The Foundation is to be congratulated on yet another significa 
contribution to international and interdisciplinary exch 


3 S, Jakobson, Milner et al., Neff) were from the TS 
and Canada. Six of the papers are English (Brain, Broadbent Goldman-Eisler, Zangw™? 
Stengel, Ross et al.), two are French (Alajouanine-Lhermitte, Hacaenzin gelergues), one German 
(Bay), and ono Russian (Luria). In some senses comparisons with Osgood and Miron are unfai? 


The London symposium had much less time for deliberation—three days as against six sem 
ras ee er ted of attempting a coherent ‘digested’ transmutation of the proceeding? 
sgood and Miron did, consists simply of a verbatim repr i i 

; od. y rteen pap! 
sented, along with the details of each of tl E tenes vei r 


a Bs, 
he discussions that developed out of them. Tt has 


r sio d «cation O 
; F uity, but if it preserves some of the improvisatior 
» it also retains their vitality. 


therefore, no particular Structure or contin 


h " vith 
: ier volume are at sometimes © 
a lively suggestiveness and some interest; Mer hae sas "d of tb? 


or their money, e.g, in Zangwill on ‘Intellige! 
> information, and levels of speech-production tract 
ctors in the organization of speech’. It does not de 


stt 
careful study of the aphasic disorders has casio 
à $s, the Symposium was an important uf y te 


5 sie: at is of intere. a ticul 

those whose intorests lie in language and Een is in mal in general, and pat mee gut 
ology. GEO 

Rationality. By JONATHAN BENNETT, | a 


Pp. viii-- 119. 145, “ondon: Routledge & Kegan Paul. 
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any other is supposed to express the essence of what it means to be human, and submitting it to 
& careful and penetrating analysis. The conclusions he comes up with are rather different from 
any that either psychologists or philosophers have previously suggested. 
Ns dividing line has usually been drawn in terms of whether an organism does or does not 
dod the use of language. Bennett argues that while language is, indeed, necessary to full 
RAE it cannot be considered sufficient. He develops his argument by the happy device of 
ing with behaviour that looks both symbolic and intelligent—the so-called language of bees 
wu RR by Von Frisch—but is, in fact, neither. He then proceeds, step by step, toshow what 
Ms d He needed if this form of communication were to count, first, as intelligent, rule-guided, 
oe M behaviour and, ultimately, as truly rational behaviour. Before the latter could be 
"rm ed, the bees, he insists, would have to display ‘the sort of behaviour which can be related 
of d to that which is neither present nor particular’, or in other words use a language capable 
wo as both dated and universal judgements. . : L . 
of à ennott's *apian fables’ have not entirely convinced me that his analysis and interpretation 
Pelo. mattor is the only legitimate one. For example, I am quite sure, despite the deceptive 
Pw .9f honeycombs or spider-webs, that an archaeologist would not have the least difficulty 
mises ing, solely on the basis of the kind of artifacts they bequeathed, whether a particular race of 
5s 3 DR of martians, were or were not rational, even though he knew nothing about their language 
Mr Us Sort of judgements it could express. However, psychologists can learn much from 
BU ennett; his final chapter on ‘Insight’ is a salutary reminder of how much confusion still 
rounds some of the concepts we uso so freely. JOHN BELOFF 


Categories of Human Learning. Edited by A. W. MELTON. New York and London: 


Academie Press, 1964. Pp. xvi--365. 685. 


nage IMiony studies of human learning have genera Muro ede bere 
eren AEN Methodological cults, theoretical traditions, and experimental pers ce have 
ps Posited a formidable crust of facts around several cireumscribed learning situations. On the 
fon hand, many of these areas of inquiry remain conspicuously inbred and eei ve fur 
of t} y ho larger field of psychology, but also from each other. It has even Vue Bi s S d an 
Probie Work is academic, in the worst sense, with little to contribute eit! her sgh = ere : 
Case SMS. psychology or to the management of learning in any practical setting. À ates er the 
thei, there is no doubt that traditional laboratory students of human — (€ to m 
Whi " house in order. This is precisely what the present symposium aims to do. ! t adopts * p si 
D ich, although limited in scope, is realistic. Seven familiar regions of ip ss y WOES 
Other region is handed over to two acknowledged experts: = p n x = A i eg iin 


to comr i i And throughout. 
° ment briefly on this survey. And throug , aa ; ^ 
Pen for Points of ad cdi between his region and the other six. The seven regions (and their 


cuin authors) aro as follows: conditioning (Grant), rote verbal learning (Underwood), probability 
xd (Estes), short-term memory and incidental learning (Postman), concept learning 


"i endler i roblem solving (Gagné) 

m h x n j g , 
The ovat pce gua Mt nias to each other so us to create “new ane zoe 
Met menta] ways of ordering our knowledge about human learning’. How ed this bs I 
-. Not far, as Melton admits in his overview chapter on the taxonomy 0 human a & 

recognizes the need for more 
s. Furthermore, a number of explicit 


erated a literature which is both vast and 


ev : ] 
ertheless, some welcome progress is made. Each contributor 


St ge: : 
iggy, atic int and other, region: 


iss, egration of these seven. 4 S P PEE m 
of m ve highlighted as being nosssafy for this integration. pev these Lava Sr peer 
1gher. > Werde i ing, as well as more careful spe n 

the , Bher-order* activities in the analysis of all learning, Á ; ] à 

o Prior histor F is actually doing during the learning task. 

Story of Y nd of what he is actually gv z 

ex, Verall, this x a a La eye B for serious students of human functioning. It contains some 
EE à E those by Estes, Postman and Fitts. For 


ni gi bly 
an; nd freshly up-to-date surveys, notably a $ e 4 
hed engaged in Pied aim studies of human learning, this book is certainly a must. For 
?9De not so engaged, it presents & fairly authoritative and comprehensive statement of what 
ged, 


thes 
5e studies are about. 


I. M. L. HUNTER 


326 Publications reviewed 


; : I. R. 
Comparative Psychology: Research in Animal Behaviour. By S. C. Ratx ER and M 
Denny. Homewood, Ill.: Dorsey Press. 1964. Pp. xi+773. $13.25. 


provided. It isa pity, however, that the aut 
el more extensively, illustrate 
e to provide abundant bibliographie material and to i e they 
ety of animal forms and behaviour processes. These t. 


been provided in four main ways: (i) refe 
references within the text marked by a sin 
insections with a different, 


e 
à work of comparative psychology which the book provides is broadly bas 
evolutionary theory. The authors, howey 


* cess 
5 5 r, er, whilst saying that the theory of evolution is n€ syor 
in comparing Species, do not consider that this need provide the basis for a comparative Paties 
b to say:*... comparativo psychology has a number of unfulfilled obj ot 


E F : ac 
E innate behaviour In vertebrates and invertebrates, hormonal 
oning, 


UJ 
s J 
n 
instrumental learni inei : d finally 7^ ind 
faetors associated with learni h cine ree, ith corp les beds aqu mothods " of 
findings with the emphasi D esigned to give an over 


S 
s aterial di z 
The book provides & very extensive and well-orgenloed sein of a large and often d eat? 
branch of experimental psy chology and is likely to be well used in libraries for a good m& d id 


n: 
Foundations of Behavioural 


do 
Lon 
- N. KxnrmxGgn. New York and 
Holt, Rinehart and Wils Pp. xix. 739. 84s pgi” 
3 9. 1 cholos 
btitle, namely, Educational and P. sy die? 


ride 8" 
ff, fi k is directed at a WI! 
of people interested in the ‘soft- p? ` or the book is directe 


Ca O Se 
y a 
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oder n o» d of material to fill 739 pages, and as the book contains thirty-six chapters it is 
^ P- st them in a short review. The chapters, however, are divided into eight Parts, 
bats a or less distinct in content. Part I aims at introducing the student to the many 
eae A S and constructs of the socially minded research worker in psychology in the broad 
GE inact dm en introduces elementary notions about sampling. Part II deals with what would 
us a zs : ought of as samples ,under the heading of Sets, and here such common concepts 
probabili € ga and covariances are explained. In the next part elementary notions about 
variance, a = p statistical inference are introduced, and there are chapters on analysis of 
dealing cea designs, hypothesis-testing, and also on non-parametric procedures. When 
rene dieat i latter concept the author uses à lot of good common sense. Part IV, which is 
investigntio t a structural heart of the book E deals in a very general way with the design of 
experimont DS, Ww hile in the following part the distinction between laboratory-type and field-type 
type beco, - is emphasized and the writer's personal interest in experimentation of the latter 
reliability rout clear. Part VI deals with the classic psychometric problems of measurement, 
of ieee n validity, which are treated ina conventional way. In part VII there is à review 
to dhapter hpasqene of data collection, ranging from the interview, through methods of scaling, 
book is antites Aries m the semantic differential, and Q methodology. The final part of the 
or round off a Analysis and interpretation : Unfortunately, it is not an attempt to summarize 
arrangement i e content of earlier parts, but contains further methods of examining data by 
Sitegorieatt in contingency tables, which the author chooses to call "erossbreaks', or by 
ho doubt ug in some other way. The final chapter ison factor analysis, a topic which the author 
sociologic n t should be mentioned, as it is so widely used in large-scale psychological and 

mc cal studies. 
tent, irse general sense, this is an interesting book, if not altogether because of its actual con- 
lelds. me for the many references to actual studies in the educational and socio-psychological 
that ihe a this reviewer felt basically unsatisfied after reading through it. The main trouble is 
tion Sega has attempted too much. The result is that the reader gets fragments of informa- 
of li erar an amazin g variety of topics (for example, from analysis of variance to content analysis 
896 abou y material), but never enough information about any particular topic to equip him to 
Section o research on his own behalf. A student might benefit by reading some particular 
Teferen, 9 book in which he was interested, provided he was then prepared to follow up the 
Ces provided. A. E. MAXWELL 


Psychotherapy. Edited by JOSEPH WOLPE, 


Th TN 
k Conditioning Therapies ; the Challenge to 
York and London: Holt, Rinehart and 


"iiid SABER and L. J. Reyna. New 
Inston, Inc. 1964. Pp. viii-- 192. $7.00. 


Consens 
onditioning Techniques in Clinical Practice and Research. Edited by C. M. FRANKS. 


aV York: Springer. 1964. Pp. xii+ 328. $8.50. 

ined these books present collections of papers and manifestly have as their intention an 

iS a ro © in the popularity of the behaviour or conditioning therapies and techniques. The first 

excellent x of a conforence held at the University of Virginia in 1962. The editors have made an 

8nd an, Job of preparing the transcript of the proceedings for publication and even the questions 
Swers after tho presentation of the main papers 


avour wh: do not have that slightly embarrassing 
TI Which occurs wh i ort is made of even notable speakers’ impromptu utterances. 
en direct rep 


e " 

a ee 1s subtitled ‘The challenge to psychotherapy’ and two chapters are taken up with 

9f the right and direct example of confrontation of the psychoanalytic position. Another 

emplo Chapters is a most welcome contribution showing how experimental methods may be 

tion, Al ] therapeutic techniques, namely desensitiza- 

at le, together the book is easy reading, if to some extent reiterating well-worn points of view 
‘ on. An annotated bibliography is provided as an 


Mtroduct; 


Nera, É 
tion na but also diagnostic uses o 
Tom a variety of English-language 
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be an advantage to psychological readers in introducing them to literature with which they m 
be unfamiliar and to medical readers who will appreciate the respectable origins of the Pr 
The possible lack of knowledge of conditioning therapy in this latter audience is catered = 
an introduction by the editor which runs a reasonably straight path between under- and ov 
simplification. - 
One of the virtues of both these books is their generally eclectic standpoint ; neither à seman i 
nor a Pavlovian outlook dominates. In the opening remarks to the first set of papers in the a 
book, the chairman, Ian Stevenson, puts forward a hope that will be re-echoed by, one bope 
all readers: that among conditioning therapists partisanship will be avoided and that there T d. 
be no compulsion to subscribe to whole systems of therapy. If these two books are anything 


mae s s ; vera 
go by, the movement seems to be pursuing in à Satisfactory inter-connecting way its Sev 
alternative directions. PETER H. VENABLES 


5 AR . the 
Pavlovian Conditioning and American Psychiatry. Symposium no. 9. Group for i 
Advancement of Psychiatry. New York. 1964, Pp. 211. $1.00 


which has a^ 
Group for the Advancement of Psychiatry, wii D oi 
merican psychiatrists who are organized in the = ects 
t direct their efforts towards the study of various asp 


Principles, and sti 
Onnexion. His co 
h concentrated on 
work going on in t 


; : written will benefi fi reading it: P 
mili i ; nefit greatly from r " A 
ar with t] contained in it and may feel that this ee 
Y: 
g.J. E 


A Psychiatric Study 


of Fairy m 
Junius E. Hrusca Y See, 


BY 
Their Meaning, Origin and Usefulne^* 524. 


ER. Sprinefi : it^ 
$7.75. Pringfield, Ty] . Charles C, Thomas. 1963. Pp. Y 

Pt ‘ad 

This book is a counterblast to the sil 

isa ‘he nat; | om 

and stultifying thi nking and behaviour t. ifie outlook which the author feels is d giv 
For this purpose he takes fairy tales from maj diff hows that they ecl 
one way of access to the meaningfulness of life Se cultures eer : 1 i 
of human existence the devel, : 


: ems 
ild (chapter III) and general proble! pe 
The tales he considers suitable ar se lo os 
e th i z " ave do 
— elements such as we would find in ey od a annu poderi : -: 
cuss in chapter V in the libretto of Turandot and its M E eem P life of pucci?" 


a 
qu 
o a 
aA aoa 
asst LEF 
c mme 
———————— ————náá "S M" a 
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The main part of the book presents Freudian, Jungian and * phenomenologic’ interpretations 
of tales, sometimes in parallel, sometimes the one which is most suited to the material. He 
prefers the phenomenologic as most comprehensive and classifies Freud and Jung as still in the 
Seientific-analytic tradition. They give insight, but their view is one-sided and leaves the world 
meaningless, 

He makes some interesting remarks on the kind of 


chapter TI) and some notes on Westerners and crime stories. 
or anyone interested in fairy tales who has not thought of them in this kind of way, the book 


mi : oleae à 
ight be a useful, if rather expensive, introduction. Asi. BTORFYORD 


illustration a fairy tale should have (in 


ck and Sys B. Q. EYsENCE. 


Eysenck Personality Inventory. By H.J. EYSEN 
24 pp., 4s. 6d. Form A 


University of London Press. 1964. Manual of Instructions, 
or B, 5s. 1d. per doz. Scoring key, 3s. 


on Eysenck Personality Inventory (E.P.I.) is descri 
tsonality Inventory (M.P.I.)'. Like its predecessor, 


n inns 
axo iam but the E.P.I. comprises two parallel forms, x 
e “which may be used to eliminate subjects showing *desirability response set'. We are, 


Owever, not told what to do with the ‘eliminated subjects’. As Prof. Eysenck comments in a 
at publication, ‘when people are motivated to try and give as good an account of them- 
jan a as possible, questionnaires are almost entirely useless’. Since psychological tests are used 
mat Y for purposes of selection and guidance, one might suppose that subjects do tend to be so 
Ah ivated. But the corollary is not drawn in the E.P.I. manual—which reads, in fact, rather like 

advertising brochure. " 
Aus in the section on applications of the E.P.I. we find: ‘Wherever large bodies of data are 


andi gathered the inclusion of the E.P.I. seems indicated’ and, again, ‘For purposes of diagnosis 
$5 treatment, the E.P.I. should be administered routinely’. In the short manual, room has 
zven been found to denigrate other techniques: ‘This whole area has been very much neglected 


Yenotivation research, where unreliable and invalid “projective techniques” have found favour » 
àn enormous amount of applied work has been done in the area of market research with the 
" Ta - and the E.P.I. in an attempt to discover personality correlates of consumption of different 
es and brands of articles, of readership of different papers and journals, of participation in 

1 finding has been that in almost every 


ws, Cinema goi r activities. The genera 
Cage LN BOIDS: and many other actt ighe = 
fe ir they have been looked for, these postulated personality differences have in fact been 


bed as *a development of the Maudsley 
it claims to measure extraversion and 
A and B, and it includes also a ‘lie 


0 


Th 
thi; 


X ere is a tendency to assume the magic of numbers, e.g. ‘The total numbers involved in all 
WOR! k are in excess of 30,000’; there is also a tendency, unsuited to a test manual, to blind 
no Science, o.g. “T.V. iswing shows a strong, monotonic relationship with N, and a curvilinear 
exe, “ith Æ’. (According to the statisticians, these relationships are by no means mutually 


eatedly perpetuated in ot! 


idation data. The sec 
itd i E.P.I. scales 
two sh " he first of these it is held that since the 
O, Short pai hs only. In t seca 
( Sely resemble the. DET and hb validation ‘exists in profusion in relation to the M.P.I. 
noy DP» 1962)’, therefore Gt seems reasonable to argue that this proof would also apply to the 
ab, ales. Tndepondent proof would, of course, be required in due course, but is not yet avail- 
Ron-pe pj. ond paragraph contains the familiar ‘heads I Qa — ee eres Here a 
Vertes) CDometrie criteri independent.judges being 'esked to nominate extra- 
rt, ic criterion was chosen, indep w pes aen. bol Uie ubifooia 


arg... “nd introverted le and unstable subjects - f 
Said to « answer the [i pe E corresponding manner. There is some evidence that where there 


is Ja, à 
^n 9f agreoment, it is the judges who are at fault, rather than the inventory answers’! 
1 Gen. Psych. 56, 2 & 3 
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d bnormal 
vi two tab isti zari rmal and & 
Figures are given later, in two tal les listing the mean scores of various norm: 
i 


es. Some of these figures confirm the doubts à 4 

Lg emn arg incepet the mean E scores of (normal) apprentice 

seriei Fn respectively, 29-288 and 24-783, whilst those of depressives an 

Loser eia 23-317 and 21-865. Again on the N, score, the 1 ile 
m = 20:812, is virtually the same as the mean of the (89) schizophrenics, 

Apart from these and other curiosities, 

A test-retest correlation is given as 1:736 and t 


is omitted. As to the questionnaire itself, this is open to the usual psychologica: 


insisting on forced choice and of telling an intelligent subject that ‘there ar 


= 20: 


the manual seems to have been got out 


i i ‘ ayer been 
wrong answers’, when the test includes such questions as ‘Have you e 


appointment or work?’ 


Theory and Research in Projective Techniques (emphasizing the TAT). 
Morstery. New York and London: Wiley. Pp. xiii+385. 64s. 


" istics °. 
An Index of Rorschach Responses. Studies on the Psychological Characterv 
By Caro B. Tuomas and ELLEN S. FR 


Medical Students. 1. 


more: Johns Hopkins Press. 1964. Pp. xliii-- 741. £6. 


' drop 
Adolescent Personality and Behavior: MMPI patterns of normal, delinquenb * x. 
out and other outcomes. By S. R. 


apo! 
Haraaway and E. D. Mowacuest. Minneap gts 


EED. 


n dy 
bout validity alres i 
s and G.P.O. tele: 
d schizophren™ 2 

7 ects | 
mean of the (341) vex j 


in a hurry: 


N ^ es 4 and 
he heading for the last column in Tables 


1 objections e 


e no right 


late for an 
pole HEM 


By B.L 


alti- 


lis: 


University of Minnesota Press; London: Oxford University Press: 


Pp. xiii4-193. 46s. 


Children’s Drawings as Measures of Intellectual Maturity. By DAL 
New York: Harcourt, Brace and World; London: Harrap. 1964. 


70s. 


The books listed above ma: 


extensions or advances in the use of wel 


personality assessment. 
Dr Harris's book is listed last becau 
personality study; in fact 


; the author is 
that childr 


when a specific task is assigned. A ch. 
Drawings’ gives a valuable summary o 


IS] 
Apart from a re-standardization, the b 


, 


diseussion. Viewed as a work of re 


generally, provides wide and impa 
The Index of Rorschach Responses 


difficulty in finding a suitable place 
clinical or research 


y conveniently be considered together since the 
l-established testing techniques, mainly 1n 


se its 
at pai 


. : 1 ns to point out that there is as yet, 
en's figure drawings yield clear-cut indications for personality diagnos! P 
apter entitled ‘Clinical and Projective = 
ii f work in this field, but it is incidental to 4 n 
of the book, which is to present a revision and extension of the Goodenough Drew ngs ? 

» ook descri oi ions. First, three 
now asked for instead of one: a Man, eden. I 


isa large-format volume for which most eg he 
_place on their shelves. How useful it could be for 1 of 

psychologist is a matter for conjecture. It sets out a methoc 
Rorschach response: 


“ad as 
s by means of KWIC (Keyword-in-Context) Indexing, described a 


< " H rathe 
concern is with psychometries T little ovi t 


p B. HP 
Pp. xiii 


. , ju 
Intellectual Maturity’ 15 P 


. us € D 
seussing the broad problems of stimul tio? 


5 Do seca ‘nist? 
: analysis, assesses variations in adm 
rtial coverage, 


jers W! 


pS 
36t 


pe 
gor 
they all ome of 


Ww 
r than jon’? 


y 
T aai ri 
assing mention, even when theoretical isst“, cow? 
ference fo; 
hensive and very adequate. In addition to di 


validity and the like, it collates systems of 


T7 


Publications hevrewer 


com} : 

Mean an pare retrieves all the significant words in a phrase or sentence, arranges them 

ere A a points them out together with several words preceding and following the 
rd’. The subjects were 586 medical undergraduates at Johns Hopkins (527 being 

sted in connexion with a ‘Study of the Precursors of Hyper- 


‘E 
un , 
LA Me who were te 
n an is i i 
Coronary Disease'. The analysis covers Location and Content categories of the 


Rorsel s 
ag er eee EE Beck’s system, and such relevant personal data as could be readily 
‘key-avords’; a Lis which number over 20,000, and all of which are listed, are coded in terms of 
sponding dis tia ge may contain several key-words, and will therefore be listed the corre- 
aladas a fear [ eer Just how one uses the resulting mass of normative data. which 
Tedsoriaily s rind ist of keywords, is not entirely clear. The standardization population is 
ei Mp € and ‘normal’, but of course provides only a very dubious standard of 
Pecan oip groups. One would have welcomed more guidance in the use of this 
The'baats pipe ation. 
eok inc and general approach of the MMPI book listed are rather similar to those of 
arid Preventi [ iscussed. As part of a large-scale project concerned mainly with the prediction 
ion of delinquency, more than 15,000 ninth-grade school-children were tested with 


the M 
point ont followed up over à period of 4-6 years. The results, mainly in terms of ‘coded 
133 tables cre emphasis on *high-point" and ‘Jow-point’ scales, are here presented in 
range of elemen show not only associations between varieties of test performance and a wide 
as relationshi nt variables, but also a good deal of information of general sociological value, such 
ships between delinquency and ‘drop-out’ (i.e. premature school-leaving) and socio- 
ions studied are highly representative— 


economi 
c status, community size ete. Since the populatio: 
ido’ sample are treated separately—the 


a virtu; 

results pd i omplete city sample and a 50% 'state wi 

MMPI + out d appear to have high generalization value. The authors apologize for their use of 
jargon’, but this is not excessive; given & minimal acquaintance with the technical 


lan, 
gua 
ge, one finds the discussion readable and stimulating. B. SEMEONOFF 


Contributi 
f a to Mathematical Psychology- Edited by N. FREDERIKSEN and H. 
ULLIksEN. New York: Holt, Rinehart and Winston, Ine. 1964. Pp. x 4-189. 


Price not stated. 


In 

Leon E iem Educational Testing Service, which, 

Nibbana oe and those who were trained by 
eminent all’. The ceremony of dedication included a conference to which 
Students i chologists were invited. All were either students of Thurstone oF § 
= “Dionsaxt heir papers, each of which deals with & topic to which Thurstone had already made 
ritish meee are now printed in the present volume. . . 
5 mathematic onts frequently ask ‘what is thi: e r hich has been christened 
4s so math ical psychology 29? The answer commonly given is 'that branch of psychology which 
Cover, not ematical that no psychologist can understand it’. As interpreted here, it seems to 
so much the relatively abstruse techniques recently discussed under that name» but 
ology’; Brown and Thomson renamed 


Tat) ©! 

r wl GT 

‘wage an older generation called ‘ quantitative ps) 

> all the methods are moro or less statistical’), and Spearman 


and Thur: psychology’ (‘because 
The ni ge called *psychometrics ". 7 
Atrices’ paper, by Clyde Coombs, on : Symmetries and Dualities among Measurement Data 
Orward Baa and illustrates the me i a he has already put 
h uilforq ne contributions of Gulliksen and Abelson ar ed with the study of attitudes. 
structure nicks succinct account of his views 
Ucker d -of-intellect model’. Horst discusses A € 
the Ys eseribes an instruetive extonsion of fac is to «£hreo-dimensional matrices’. All 
there no) except tho first, jnvolve applications or amplifications of Thurstone’s factorial 
Suc ; and each deserves the close atten specialist who is engaged in applying 


pro 

redd eius to problems of individual psychology: —.. 

lographie, general psychologist by far tho most interesting chapter is pr Dorothy Adkins's 
al sketch of Thurstone’s life and writings—? reprint of the brochure distributed on 


21-2 


from its foundation onward, owed so much to 


him, decided to name its latest building the 
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the occasion of the conference. To it is appended a complete bibliography of v vem 
Thurstone’s original training was as a mechanical and electrical engineer; and : p mdi 
several illuminating anecdotes to record about his early career. One of hig first go md 
*a motion-picture camera and projector’. This greatly impressed Thomas Edison, w i pee 
his first appointment as laboratory assistant. As Dr Adkins observes, ‘this opportuni T dpa 
association with a genius doubtless played some part in his interest in “creativity ” an £ 


d ter- 
guidance. These were delivered during the uen 
Gi xiord; and it was there that I first met him. so Me 
sychological methods and techniques for scaling; 27 


work on factor an 


particular volume); but, she adds, ‘what gave 


his success in breathing new life into psychophy 
may concur’. 


f cr 
assistant) gave a brief but brilliant exposition of Spear 


th 8 
t : » aS propounded by Galton, ‘the British notion’ included pele: 
innate ‘general ability’ and a b bad 


"Sheppard's correction’). a en the 
published a book which Showe- ogan 
lysis could most readily be solved by using matrix, ity 


à ta 
determinantal methods. Thurstone, however, thought 1 of 
d Brown (Spea: 


stood watching the Falls, 
Scholastic Tests—a, seri ee : f l 
vestigations. ries of criticisms to which I myself was deeply indebted in my 


ished P! 
Truman Lee K; IL : ublisheC oh 
Crossroads in the Mind 9f Man, in which pena had studied under Karl Pearson, p u 


] 
: Prophesied that foy ing data, as We toT 
of the earlier, will show tho need for more than amen Mine Sa om single genera on 
and outlined an alternativo Procedure of his own, Tp passing he cusan to Thurstone’s P^. jon. 
intelligence, and that no doubt led Thurstone to look onco again at the problem of factor”. for 
Dr Adkins relates how in 1932 é E D 


| 
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in Its lasting influence is still discernible in the pages of this volume; and every psychologist will 
eartily agree that the tributes here paid to ‘one of the outstanding figures in the history of 
Psychology’ are fully deserved. Cea Rie 


Progress. in Experimental Personality Research. Vol. i. Edited by BRENDAN A. 
Mauer. New York and London: Academic Press. 1964. Pp. +368. 36s. 


Tho Seven contributors to this book review work in their special area of interest and describe 
heir Own investigations. 
. Input dysfunction in schizophrenia’, by P. H. Venables, contains a cohesive review of the 
teraturo which refreshingly pays equally respectful attention to papers presenting careful 
ODServations (such as those of MeGhie and Chapman), theories (such as that of Fish) and experi- 
ac (such as thoso of Shakow and his colleagues). His well-supported arguments leave little 
Oubt that future studies must treat separately chronies and acutes, paranoids and, at least, non- 
Paranoids, level of on-going physiological activity and reactivity to stimuli. Venables’ statement: 
I 9ver-inelusion occurs in schizophrenics with good prognosis. ..fits the ideas put forward 
er...’ should substitute ‘if? for ‘that’, since Payne's suggestion that over-inclusion may be 
> relatively good long-term prognostic indicator is based on the fact that chronics do not over- 
elude and is fallacious because it draws a longitudinal conclusion from cross-sectional data. 
Sutes may lose their over-inclusiveness when they become chronic. 
a in theory of verbal behaviour in schizophrenia’, by L. J. Chapman, J . P. Chapman and 
B5 5 Miller, describes L. J. Chapman's abandonment of ‘over-inclusion in favour of a more 
wae theory which it is hoped will account for both the over-inclusion and over-exclusion 
Ich has been found experimentally by manipulating experimental instructions. The reported 
Sub ings Support the view that the overt responses of schizophrenies, more than ance 2 =< 
ects, are mediated by the strongest mediating responses, whether they be aroused by the 


Stimuly, 

S words or by contextual cues. " " 
by po View of work ta "The effect of the experimenter on the results E DM Toh 
* Rosenth: ll i lude that: ‘Perhaps the most compelling and the most gener 
ronclusi UE in highly effective and influential un- 

P On to be drawn is that human beings can engage in high y i A 
gramm i icati ‘ith one another. The subtlety of this communica- 
tion s ned and unintended communication with o. ; À C PT oRth ia 
18 such that e "ati hi dyads is unlikely to reveal the ni à 
asual observation of human dy: à des 
sho, nication process. He discusses how to get beyond casual observation. The implications 
D e disturbin, ‘ticularly for physicomimetic psychologists. , : 
to po sonality and pere] by S H. Lovibond, sometimes leaves this pu cud PT 
L » ^ : i 
M Xplore tho less widely known recent Soviet research. The unconscious con 


"Osis j i ist’s, ‘ rosis is nothing but 
Osis is ; ; behaviour therapist's, “neurosis 1$ nO ; 
estin d cin wie poison vian or Hebbian view that neurotic be- 


ms’, and what Lovibond regards as the Pavlo hab neuxc à 
sti at has to bo distinguished das a hypothesized disturbance of nervous sanies y ined 
S: Mtes the neurosis. Unfortunately, Hebb’s six criteria for human neurosis apply = as y eb 

Ychosis, This apart and letting ANA = abnormal nervous activity and N a = ps 
a gp; ^"^ how can it bo established that ANA constitutes the neurosis? If qe vage 
even zian Synchrony, no grounds exist for any priority. If ANA can ; e pr p En 
Was nates in NB we cannot identify the N in NB without recourse to "pera id emn 
i A “TH ` tor’ should not be tak 
titoras ded by ANA. The fact that many say ‘It’s my nerves, doc 
jo, epressi ^ i lity’, Donn Byrne suggests that the 
R ©pression-sensitization as a ees epic relationship with maladjustment, 
2m ques in each of which denial 


ort techni | 
ffort on measurement at different 


s 
Broater q; on a self-report measure; whereas, 
Wi : torporo bance, This is much more meaningtu 

i Srsona] perception >, by V. B. Cline, describes 
aby Flessos pointed a by Cronbach and others. Cline conch ae pra 

i Ves sov factors, but that one can still talk of ov y to judge 

eral orthogonal factors, id 
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others. Although he believes that a fully satisfactory measure of judging accuracy 18 still 
lacking, he is able to point to ways in which advances might be made. . —Ü. 
In ‘Stimulus functions in projective techniques’, D. T. Kenny pleads for more a ms ae 
stimulus properties. He puts forward several postulates which seem to be susceptible bed i 
mental confirmation or rejection. The interesting possibility emerges that attributes pests 
figures similar to the subject are more likely to indicate conscious states; whereas, those 
to dissimilar figures are more likely to indicate unconscious states. — 
Experimentalists not specifically concerned with personality research should find aati 
much less foreign than they might fear; specialists in one of the areas treated may cites’ 
sufficient interlocking of topics to encourage them to have this useful, well-produced, e 
pensive book on their shelves. G. A. FOUL 


„samon 
Experiments in Behaviour Therapy. Edited by H. J. Evsexck.. London: Pergam 
Press. 1964. Pp. x+550. £5. 


mpt 
This book is a successor to Behaviour Therapy and N. m 
to inerease knowledge appertaining to the theory and application of behaviour therapy- where: 
previous book, it is a Symposium, and most of the contributions have been published et the 
though some appear here for the first time, Approximately half of the articles aro reports 


igh s a P rely 
application of various methods of treatment to actual cases, The remainder consists of P tally 
theoretical papers, reports on control trials, and 

what kinds of behaviour can be brougt 


The book consists of four parts. Th 
comprises interesting applications and 


euroses (Eysenck, 1960), and is an 


i B : P i i i dese 
Cases with a variety of psychiatrie problems. On the research side threc contributions ^^. 
mention: Lazarus's Comparative study of group therapy of phobie disorders by SY9 un d 
desensitization with a moro traditional k^ | 


n". 
more is of particular interest. He draws afe pa 
nd practical problems involved in this type of treatment an on” 
T research. Eysenck’s two lucid theoretical papers, discussing 
sference, extinction and relapse in neurosis, complete the a » 

tioning. Ferster in tho opening ^ ion 
analyse abnorma] behavi i me a Aum ke g T 
E ich behaviour. shot norated, 
ated and eliminated. Th, 'mai TW e eri dn dc the reader Oi e 
Xi ntrol over specific behavioural anomali sordo" 
i ients), rather than on attempts to trea irpo? d 
he usefulness of the methods for the P Mw" 
Ychotie patients in hospital settings. "n t 
nce of behaviour changes brought abot 


rw 
" and 


ne y 
fficacy of rational psychotherapy, psy' pie Pd 
Sychoanalysis. and a control trial of gro r 


iven to chro»; In addition. thor? yio 
5 B F s ron: shiz, renics. In a ^ a p 
interesting article which attempts to conceptualize tie iri an 


ie se, 
of empirical and theoretical approaches to Speech in cd: rs E tecum N tte p^ 
The last part deals with modification of behaviour in children. It will become appare. MT 
reader that behaviour therapy is rarely praetiseq in child treatment The section gen "mu 
Rachman’s article on the application of behaviour therapy to clinical problems and the 


oriented psychotherapy and orthodox p 
therapy and an activity programme g 
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Possibiliti i . . add 
the Uh oL EUR t 5 article, which illustrates the application of various methods, 
ditioning. AS ith saul ns concern themselves with the use of the procedures of operant con- 
behaviour. = e = ts, the emphasis is on the analysis and control of specific forms of 
who lineis iue icular interests as regards clinical implications, are two articles by Lovaas, 
these, the meme em tá between verbal and non-verbal operant behaviour. Apart from 
x attention, systematic desensitization (emotive imagery), developed by Lazarus, 
ems ee eremo on the previous one inasmuch as the emphasis has shifted from 
tion of behaviour rs iod 4 used to the theoretical and practical problems entailed in the applica- 
results has been & ds . As one would expect, the original enthusiasm due to encouraging 
note that tiera as d ma a little and a more critical tone is now more apparent. It is pleasing to 
application of a greater awareness of large gaps in knowledge and of the necessity for rigorous 
improvement Ac mets principles to a variety Fp roblems, partieularly with regard to the 
evident in the s va existing methods and the widening of their scope. This trend is particularly 
wsearch P s Eysenck. Also, the greater proportion of theoretical discussions and 
e.g. recent RUN z " imentary as they are—is a healthy sign. Some omissions are noticeable, 
.. "he book bringa delay cand Sennan ires 

ing behaviour wa together a great many reports, which is of tremendous value in itself. Practis- 
9f immense hel 7 pists and research-minded workers in this field in particular will find the book 
t herapy, but p. It not only provides valuable guides to application of behavioural methods in 
theoretical ó Opens Hp numerous avenues for research and further developments. Despite its 
undoubted] Hentation. and approach to psychiatrie problems, those with different views will 
new article. ig from reading the book. But since this collection of papers was made, many 

equate cov have appeared and because of this, the book eannot be accepted as completely 
erage of current knowledge. The price of tho book is extremely high and there are 


nume, 
TOUS typo $ 
) raphi — 
grap! ical errors. VICTOR MEYER 


Pe . 
AR Change. Edited by P. WoncHEL and D. Byrne. New York and London: 
ley. 1964. Pp. xi-- 616. £5 5s. 


Whor 

Te tho. personality is seriously investigated, argumi 
Dur being igo the definition which emerges represen 
Stimuli, th at survives all pressures and determines indi 
chology S there remains the persistent problem which fa 
ial mely, how to reconcile this concept with the evi 

manifestations of the personality. 
P. Worchel and D. Byrne, have collected 


S a sti 
Papers female to graduate discussion, the editors, 
™ contributors who individually presented their material in seminars conducted at the 


Nivergj N : c 
Nas "^L of Texas during 1961 and 1962. It is somewhat surprising that personality change 
attompt t een more fully documented previously and we must welcome this volume for its 
t © deal with this most intractable of the problems of personality measurement. Even 50, 


© group of invi 1 , 
Sho up of invited contributors does not entirely adequately represent all personality theories. 
ries of Cattell and Eysenck receive scant 


nal lied that there is an inherited substrate to 
ange ei this aspect receives inadequate treatment. We also miss à discussion of personality 
ollowing operation or illness, e.g. changes due to brain damage or to cerebral and other 


*Perations, 

Personen” however, offered discussion and review of work reflecting planned and unplanned 
Courne aby chango due to most of the other everyday and some of the more outré situations and 
Schi ae cos in the human life span from early personality development (L. Luborsky and J. 
too d Rs Present the orthodox psychoanalytic viow with a respectable veneer of science) through 
anq int? © (ably reviewed by R. G. Kuhlen). J. L. and Marian Yarrow review personality change 
yl boo on in its family context and find continuity compatible with change, though there is 

in W. Madsen’s study of cross-cultural transfer that t 

ntri hange in attitudes (R. Stagner)—particularly 
er oe m resulting in international tension, à social scientific topie which may be literally 
life and death—and on moral values (L. Festinger and J. L. Freedman) in which 


ent hinges first on definition. But if, as is 
ts personality as the enduring aspect of 
vidual variability of reaction to identical 
h faces all teachers of personality psy- 
dence of mutability at least in the 
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; itv of 

itive dissonance theorists continue to achieve plausibility of argument and s (19941 

ae t vm. despite the recent and devastating critique by Chapanis and a E. Holl 

inseri ice 5 volata and enforced isolation are compared (E. A. Haggard) and —-— 
deale with indoctrination and brain washing. J. Zubin and M. M. Katz provide a s 


chapter on drug-induced changes in personality. They 


components and forsee future 
rather than psychophysies. 


: tual 
distinguish physiological and eed 
progress in personality investigation through psychoc 


ial 
; 5 ‘remedial 
But it is in relation to the study of psychotherapy—what Miller on p. 150 calls 


personality education'—that this book is r 


change. One wonders why there has be 
traditional psychotherapy in this country. 


ties, methodological and theore 


If personality study still requires justifi 
ticular the chapter by I. E. Farber), will co 


There is much to interest the an 


Cuapanis, NATALIA P 
Bull. 61, 1-22. 


y. By 
1964. Pp. 204, 25s. 
Perhaps 
various as 


extreme extraverted neurotics, 
without much neurosis may at 


strong criminogenic environment, 


sedi Teaders may lie in the fact that Eysenck refuses to ov prot 
malty in an epoch where t; wung from & 
genetic approach to the prevalent belief, he pendulum has s E 


A second attraction for 
issue of heredity and crim: 


it is more fruitful to concent: 
causation, Eysenck, in an ai 


despite different, environmental 


In addition, by skilful 
viding a collection of co 


- & CRAPANIS, / 


rate on enviro; 


ttempt to Tedres: 
directions. On tho genetic side, 


twins, reared both together and 


rbin 
but 


therapy 
Despite doubts as to its effectiveness, psychother®: 


< whic! 
2 sork W: 
ther and review the sound experimental w ifficul- 


tical, to be Overcome. 


3 ar- 
cation in the scientific world, this book ei aia. 
ntribute towards its establishment on a wait hop? 
thropologist, Sociologist, psychomoetrist, and, as tho edi ees e 

insertion of introductory and linking S nogle 
hesive, if not unified, views on a major and arch 


p rese 
ing for anyone engaged in psychotherapy O! ors? 


s P ^ diti 
However, he Points out that quick intraverted CODO? to 
times equally y 


" R «pose 
vell prove delinquent, especially if eXP ae 


ovad? inp 


Shared by most 
nmenta] rathe: 


apart, whi 


ratec , 
A ch tends to suggest that some separ” ity 
influences 


"min 
» appear to be genetically prone to CT! 


— ——AÉaÁÓ——————— — C." 
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comparison with non-separated twins and ordinary siblings. Also he quotes Soloman’s con- 
ditioning experiments where different puppies (both breeds and individuals), in response to not 
emg allowed to eat a certain type of meat, condition more readily than others when punished. 
ome puppies violated the newly acquired taboo within 6 min. Others did not do so even after 
days and over, having evidently developed a discriminating ‘puppy-conscience’ which, in 
Some, seemed a mixture of deep-seated genuinely felt guilt and a more superficial resistance to 
temptation. This behaviour is equated with that of humans. 
ee "ysenck and his co-workers again stress that extraverts (and, by implieation, delinquents, 
si ey d if also neurotic) build up inhibition quickly, show high degrees of inhibition, and dis- 
d e inhibitions slowly; whereas introverts build up inhibitions more slowly and dissipate it 
È re quickly. Correspondingly, extraverts develop excitation in the nervous system more 
owly and weakly than introverts who are thought to do so more quickly and strongly. He 
teu Spielman, the Franks’ and others who found that extraverted behaviour was often 
oe among persons who were either brain damaged or delinquent, and links this with the 
hae. of the central nervous system. This is in contrast with the neurotic induced behaviour 
Bit, Js tentatively linked with the autonomic nervous system (sympathetic and parasym- 
tic) and the as yet not well-understood brain function of the ascending reticular formation. 
" ae third attraction for many readers may lie in the fact that Eysenck, together with only 
f a of others, has attempted to bring a fresh. approach to the potentially promising 
feris, ay treatment programmes through the specialized application of reversed and non- 
5 gie. forms of reciprocal inhibition therapy. Eysenck argues that a sympathetic response to 
stimula stimulus can be eliminated by conditioning a parasympathetic response to the same 
wi inge iN tho parasympathetic response being antagonistic to the sympathetic one which 
he ibit it reciprocally (via the distance gradient technique) and thus cancel it out. Wolpe and 
ilte s are cited as having cured some delinquents, fetishists and others by using negative stimuli 

'Pomorphino or electric shock, and by using the reverse of reciprocal inhibition technique. 
mi ode asks his readers to take a hard look at delinquency therapy, on the assumption that 
aequin, oiinquents are slow conditioners, often with a high degree of partly inherited and partly 
Substan neuroticism (via anxiety—following Mowrer's work). He calls for more research to 

ive tinte the theory that many delinquents can probably be cured either through newly 

amph ped drugs designed to reduce neuroticism, or by drugs (especially stimulants, like the 

condip aines) to counterbalance inherited components of excessive extraversion among slow 

"eei. “loners, Ho makes a plea for more research into the efficiency of treatment based on 
pr Ocal inhibition techniques as a form of behaviour and deconditioning therapy. 

S no use arguing that Eysenck may be wrong about several vital points. There are many 
ditione ee with him that most delinquents are either neurotic or permanently slow con- 
Section 5, but contend that they may vary in responses to different stimuli as would & cross- 

o dnd non-delinquents. Others will question the success of behaviour therapy with complex 

eo bas Syndromes, especially at the ideational level, and point out that too much has been 
View th en of the more carefully controlled existing twin studies. Finally, many emphasize their 
involyį BN PSychotherapy is only a form of behaviour therapy, but at a subtle trial and error level 

Crinia Verbal secondary signal system. . 

ological research and treatment have so far lagged sadly behind the success of the 
timina? Sciences, Eysenck must surely be given credit for having consistently presented 
Within Ogists and forensic psychologists with a new framework, alongside the existing ones, 
fit 4 e " tich to experiment in accordance with the belief that punishment must not be made to 
Svolveq Time, but that varying forms of treatment for different types of offenders must be 


m a rational penal policy. R. G. ANDRY 


Avlo 
og Typology. Compiled, edited and translated by J.A.Gray. Oxford: 
"'Eamon Press, 1964. Pp. xv+480. 84s. 


Psy}, Pato 289, Dr Gray modestly suggests that Pavlovian theory is fairly familiar to western 
however gists. He adds that it is not usually used by them as a working tool. My impression is, 
tra; » that although some experts know Anrep and Konorski, and are familiar with Gantt's 

© refinements of Pavlovian theory are a closed book to most. The reason for this, 


ifr ations, th. 
Tight, is that practically nothing of Pavlov’s or Teplov’s work outside Anrep and Gantt 
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and one or two essays by Pavlov and Teplov have been available in English. For the we 
therefore, the complexities of the associations between internal and external peces Ed 
scarcely been sampled. This is even more true of the irradiation of excitation and inhibi = 2 
especially so for the theory of. types of nervous system. Teplov’s work has been even mor dpt 
unknown quantity because it was not available in English until about 1961 and then es 
complete form. In any case his present essay is such a careful historical account of the pr 


o 
of the association between Strength, mobility and equilibrium of nervous reactivity; that 
ordinary casual reader might well be excused for giving up the ghost. 
For these reasons, if for no other, Gray's boo 
However, it does a great deal more than prov; 
Teplov and his colleagues. It amounts to a c 
Pavlov's earliest thoughts on the subject of 
Rozhdestvenskaya, Nebylitsyn and Yermolay 
through this difficult territory, the author adds 
Teplovian system to a syste 


uiring competence in the typo of study 


ages ° 
ween about 270 pages of translated text and 210 P 3 ore 


tion © 
tim 
ation of behaviour in 


sis) and in the author s following essay which make sense of & oe work i 
this field is all Fer ein reader who wants to understand what the more we an sp 
A: both backwards And eas Start with a very good summary on pp. 274- rke" 

h s ork 
in tiaa N E ee carefully and will lead to some association between " oin’ 
Similar workers bot] y wo 30) 
very favourable Position to begin such callao a in the U.S.A. Dr iar d NS 
I printing and gp, 196 
arly Learn en 
Pp. 147. 255. "9 By W. Stucke, London: Methu 
ge t 
Imprinting the change which umen oe 
4 a oc . “ac pe 
its parent or parent-substitute, sel [o Lene chick or duckling forms an att e: 
forms of learning. Hi y 


" field, is 
L ; 28s played a leading part in this alh 
OD a survey which is both comprehensive and critic 
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emphasizes that to attach one or the other label to imprinting matters less than to specify 
Precisely how imprinting compares with other forms of learning. . 

The recent clarification has come largely from a deeper understanding of two issues. One of the 
characteristics of imprinting stressed earlier by Lorenz was that its occurrence is limited toa 
Sensitive period. The end of this sensitive period is associated with an increase in fear or anxiety 
Tesponses, and the appearance of these is a consequence of experience. The second issue concerns 
the circumstances in which imprinting occurs. It is clearly independent of any of the conven- 
tional reinforcements, and Hess’s suggestion that the strength of imprinting is related to the 
Muscular effort, expended never had any clear evidence. But, only with the appreciation of the 
importance of merely perceiving and learning the characteristics of the object did it become 
Possible to understand both the sensitive period and the appearance of fear. If imprinting in- 
Volves a learning of the characteristics of the environment, including the object followed, and 
Strango Objects are subsequently avoided, relationships can be seen between imprinting, 
Perceptual’ learning, and the development of fear and anxiety: the study of imprinting thus has 
*epercussions on much broader issues than the following reponse of nidifugous birds. Dr Sluckin’s 
Teview is to be recommended to all interested in learning and the development of behaviour. 

R. A. HINDE 


The p. sychoanalytical Treatment of Children. By ANNA FREUD. New York: Schocken 


Books. 1964. Pp. xiii+ 114, 12s. 6d. 
This ig a 
clarity, 
of t} 


fational Psycho-Analytical Congress of 1927, about the theory of the analysis of children; and 
indly, ‘Indications for Child Analysis’, written for the Psychoanalytic Study of the Child in 1945. 


+ccept the fact or implications of their illness, and they are not responsible for undertaking the 
niütment, Consequently, according to Miss Freud, their approach to the fundamental tech- 
que of froe-association is different. The adult foregoes his normal control of thoughts for the 
ap Poses of analysis, under the influence of a wish to recover from a recognized neurotic dis- 
rity, and a voluntary acceptance of the conditions of analysis. The child does not, and accord- 
ord; hor this makes a fundamental difference. She rejects Melanie Klein's attempt to replace 
th Mary adult, free-association by free play with toys by the child, and she proposes that children 
mee be approached in a preliminary way which will secure their understanding and accept- 
"s ce of the conditions of analysis. In certain cases described she shows how this was done. Her 
“rpretations of the cases, and the mechanisms of neurosis in them, are clarity itself and leave 
a thing to be desired. Similarly, her theoretical explanations in the later portion of the book are 
Pleasure to read, P 
Swever, to the reviewer it does not seem convincing that the steps she described to bring 
ld analysis within the same framework as a conventional adult analysis would be either 
essary or desirable in every case, and perhaps they would not always be practicable. It is also 
Solo Convincing that, as she suggests, a child might bring thoughts and ideas to the analysis 
P ecauso he had encountered certain objects or situations just before he came, and not 
Doe de they also had emotional meanings for him as unconscious determinants. The roviewer 
ves eel it quite convincing that free play with toys, whether by adults or children, is revealing of 
"scious forces and stross just like dreams. Everything the child brings to the session seems 
Ben awar to bo meaningful. ! -— "T : . 
can p, mana ery aspect of the book does not excite wholehearte aereomen » it isa work which 
throu owe easily and with profit by students and professional workers alike. One can look 
gh it thoughtfully and find something illuminating and rewarding on nearly every page. 


a eg] 
ee 


R. W. PICKFORD 
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The Development of Motives and Values in the Child. By LEONARD BERKOWITZ. 
New York and London: Basic Books. 1964. Pp. viii-- 114. 18s. 


The growing interest in the United States in the work of Jean Piaget has resulted in the 
publication of a number of studies covering a wide variety of aspects of child development. jt his 
interest is no doubt reflected in the choice of the second of the two areas selected for discussion in 
this volume, the moral development of the child, which opens with a presentation of Piaget's 
work. 

He expands the section to cover the concept of conscience and resistance to temptation, and 
brings in the results of studies from many sources to enrich his review of the development of 
moral judgement and moral behaviour, thus enabling us to appraise the value of Piaget’s work 
by seeing it in perspective. 

The author has selected for treatment only two aspects of child socialization, tho achievement 
motive and moral growth. The book fills a gap particularly perhaps in treating the first process. 
It is intended, like others in this series, to help the teacher (and student) of psychology, and ‘to 
satisfy the intellectual curiosity of intelligent laymen. . .who aro keeping an eye on the advance 
of civilization’ and who will read it to understand wh. 

It is not an easy task to write for two 
senting a useful overall review, 


! ; : e by tea nts. 

Parents will find his section on changing psychological Pas epg ae om of the 
child of interest, but may find his review rather more difficult to assimilate, unless, like psycho- 
logists, they already have some notion of the concepts of motive, value and Tüorality. Insummary 
this is a useful and most readable book whose appearance has been needed for some timo. 


Social Organization and. Behavior: a Reader in General Sociology. Edited by R. L. 
Smurson and I. H. Siupsow, New York: John Wiley. 1964. Pp. xii+457. 405 


‘Tho Family’ and ‘Contemporary od 


and therefore no reference to larg? 5, a 


H 
be found in an accompanying fsst-ouis of conceptual problems, although one gathers ths 
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The points just mentioned are not critical but simply indicate the scope and purpose of the 
book. Within these limits it is useful and discriminating. The basic theme is social organization 
and, as the Preface states, ‘values, cultural norms, socialization, interpersonal influence and 
reference group behaviour. . .are in fact bound up with the general processes of social organiza- 
tion’. The introductions to each section (e.g. Education, Population, Stratification, Race 
Bureaucracy, Social Control, etc.) are particularly useful in briefly providing a wider context and 
à minimum conceptual basis, together with references and footnotes indicating important con- 

X temporary or classical discussions. Moreover, there is a large number of distinguished contri- 
butors and what they provide is genuinely sociological, i.e. not information or commentaries on 
social statistics or social history, but controlled insights into structures and processes. 


DAVID MARTIN 


The Industrial Rehabilitation of Long-Stay Schizophrenic Patients. By J. K. Wise, 
D. H. Bexxerr and Jons Dennam. Medical Research Council Memorandum 
no. 42. London: H.M.S.O. 1964. Pp. 42. 4s. 6d. 


The authors report the results of an important follow-up study carried out with male chronic 
schizophrenic patients who were selected by an objectified standard clinical interview for in- 
^" dustrial re-training at a Ministry of Labour Industrial Rehabilitation Unit. The investigators 
g found that 53 % of their sample of ‘moderately handicapped’ patients were in employment one 
year after training, but almost one half of these were in sheltered workshops. Over one third 
Were living in tho open community, but less than half of these under conditions of apparent 
normality. When employable in sheltered workshops, the schizophrenies showed no greater 
handicaps than physically handicapped men with a similar training. 
This study, and the conclusions drawn from it, might have gained in weight if objective 
multiple psychological assessments had been carried out at the same time to test for specific 
p behavioural responsiveness to training. Other published work would have enabled the authors 
4 to Predict, for example, that degree of residual intellectual capacity as well as evidence of 
improvement on intelligence tests following training, are relevant variables. mE 
sponse to treatment of, say, anaemia is no longer judged by external examination of the 
Patient, and it may be felt that the undiminished flow of schizophrenic disorder deserves all the 
Objective skills that science can offer. It is, therefore, a pity that these investigators, in an 
official report which is likely to be read by many people, do not visualize a clear role for psycho- 
Ogists in procedures which should include the repeated assessments of intellectual, general 
3 Cognitive, vocational, social and emotional adaptive skills, the matching of industrial activities to 
available skill levels and therapeutic support while higher skill levels are being acquired. In tho 
3 absence of this conception of a fully rationalized, objective and progressive procedure forreaching 
Optimal rehabilitation levels in patients with psychological deficits, it may be felt that this 
report Contains less a programme than the hope of a programme for this particular sociopsycho- 
Bical problem, VERNON HAMILTON 


E 


A Hundred Years of Psychology. By J. C. Frucz. Third edition revised by D. J. 
Wesr. London: Gerald Duckworth. 1964. Pp. viii+394. 30s. London: 
/ University Paperbacks, Methuen. 1964. Pp. vilit 394. 21s. 


This book was first published in 1933. A second edition, published in 1951, contained the first 
edition unaltered, with an additional section reviewing developments from 1933 to 1947. This 
GS dition retains Flugel’s original text from the first issue of 1933 but replaces the section 
1903 28 1933 to 1947 by a new part of 52 pages written by D. J. West for the period 1933 to 
tablo par? #8 an additional bibliography to go with West's new section and the chronological 
9 has been brought up to 1962. " " s i 
and i n part of this book, then, has been previously roviowed in this Journal (1934, 24, 450) 
Chos © anonymous reviewer found it to be an attractive and stimulating work covering the 
hs en areas with remarkable accuracy. However, I cannot agree with the reviewer when he 
S8ested that the book would be useful for the general reader or the beginning student. I would 


Te Debs 
Sard it asa valuable second text or review for those students who have already done some 
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ing in the history of tho subject. Flugel's writing has a very attractive wit and ease eem ib. 
—PÀ of out-of-the-way facts was astonishing at times, but the book " chiefly ioc 
mein ey i a trands of Psychology's uneve S 
{ aged so neatly to integrate the separate E H : 
ba È ay ae a whole, it will be a valuable ciarifier to Students who are confused by the 
ren penc i i l tives available 

ssarily more detailed and larger alternativ es a " I - "e = 
"D J West, who has added the section covering 1933 to 1963, is a psychiatrist of broad vl 
ievests He has studied and written in the fields of extrasensory perception, homosexuality = 2 
criminology. The part he has had to do is a difficult one and he has chosen probably tho A 
means of covering thirty years in just over fifty Pages: *...one can do no more than list sc ra 
outstanding trends and refer to a few researches chosen almost haphazard according to on - 

particular interets, prejudices and limitations.’ It is unfortunate, though, that this final par 


nto the areas covered under separate headings 


BERNARD R. SINGER 


Thinking: From Association to Gestalt. By Juan MANDLER and GEORGE MANDLER. 
New York: John Wiley and Sons. 1964. Pp. x+300. 38s. 


ry of the Psychology of thinking, each of which is 
linked by a commentary by Jean and George Mandler. Each ex 


extract from Tichener. Secondly, this book gives a dozen extracts from German sources, seven 0 
which have been translated into English for the first time by the 
are not easily accessible: Mayer, Orth, Marbe, Messer, Ach 


e early Koffka, Th 


ave plenty of scholarly ed 
they and Husserl; Binet an 


Even if Humphrey, Bruner, Bartlett, Piaget and the cybernetic; 
least some of Duncker’s contem. i 


tions this book is a useful ad, 
the history of psychology. 


MSON 

ROBERT THOMS 

L'On anisation Perce tive: So 
p 


” Rôle dans PÉvolution des Illusions. Optico-Géom 
étriques. By E. VunPmLLOT, Paris: Librairie Philosophi ue J. Vrin. 1963- 
Pp. 187, UNS s 

The visual illusions, which aroused t 
during the nineteenth century, have never 
illusions present partieularly striking exa 
the physical properties of the stimulus 
Which perception is non-veridical. But 
readily measurable (especially illusions 
different parts of the figures) ; 


e [n 
2 : © least easy to explain satisfactorily: 
recent years, they have been extensively investigated by Piaget and his EUR especially 
their variations with age changes in children, These obs 


art 
ervations have played an important P 


y of Helmholtz, Hering and many ae 
" Ceased to interest psychologists, because th to 
mples of percepts which resolutely refuse to conform * 
materia], 
the visua] ill 
involving th 


e 
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in Piaget’s theories as to tl 

beni ires AEA 1e nature of perception, partieularly as regards 1 ‘ 
wi ian yeaa eg Mee nl 
required further i usions and the conditions which affect thei duc 
E eradicate Nee ie cae ee Mme futile has performed — ep 

variations m fom DE -known illusions an measuring their magnitude in velstion t 
adults). Her hv ^ um er and duration of presentations, and age of observer (five ye: E 
the perception p " iones as to the basis of the illusions agree with those of Piaget. t a 
(1) global Pero hese figures evolves through three stages which can roughly be saber A E 
Midi arie. ption without attention to detail; (2) analysis of figures snd som E 
netted ok Ge a of the parts into new structural Voi, These ionem = E 
Delboout) Severe ages for different illusions. With many of the simpler figures (Müller-L rer. 
is also SL mei CESSON of stages is paralleled by a decrease in magnitude of the illusion which 
tion which ma ropa Ed in the form of the figures and by increases in time of p aae 
analytic rea ng analysis and re-structuration. But with the Oppel illusion, increased 
hence ificaninerenss tends to result in overemphasis of the parts of the ‘cross-hatched’ line, and 
orm part of TOPER t 5 e illusion. In almost all cases, magnitude decreases when the figures 
greater HD ang mre pictures; which seems to suggest that greater ‘reality ’"—or perhaps 
simply P e ore improves veridicality of perception, or else that structural details are 

em * 

and Ries n Suh acd Ra Mme Vurpillot for conducting her experiments with such systematic 
respects). Her 2o (the moro so since Piaget has sometimes been accused of failure in these 
does regrot n exposition is extremely clear, though occasionally perhaps a little repetitive. One 
thesis as to u Yowover, that she was unable to relato her observations to the most recent hypo- 
Others, Tt y š he nature of visual illusions, the three-dimensional effects postulated by Gregory and 
the ec SERET BENE difficult to explain how three-dimensional effects could account for 
Satisfactorjl s in magnitude occurring in all the conditions studied by Mme Vurpillot, at least as 
y as do her hypotheses (though the Poggendorf's illusion still remains somewhat of a 


Myster: 
Y). But one must await the attempt. 
M. D. VERNON 


F lavo E 
Te Taste and the Psychology of Smell. By WARREN Gorman. Springfield, 
iois: Charles C. Thomas. 1964. Pp. viii + 106. $5-50. 


This i 
hanes ed addition to the familiar series of monographs on sp! 
Summary er Tho approach is necessarily selective, its special 
Possible es psychoanalytic observations and interpretations of the s 
Own i aM influenced by one’s own attitudes to such an approach, 

n wien gs eua the reviewer may now proceed. . . . 
ervationg ing historical introduction to the subject 1s provided, with some cross-cultural 
5, and a note is included on certain market research findings about the role of visual 
1 functions of the special 


associ 
Clatio: : 
n A : a " 
Senses ee in flavour perception. The prief outline of the structure anc 
cerned occupies only eleven pages and is highly selective and rather uncritical, 
a number of authoritative compendia which have 


€spe B 

cially 3 5 

b yi 

extended = view of the recent appearance of 
nd revised our basic knowledge. 


ecial topics published by 
feature being a unique 
ense of smell. It is im- 
but having declared his 


Obs 


ological humility’. 
rizes 
t of 


sychoanalytica 


has taken place j C 
as ‘similar to physiologic & 


tionary changes whick 
1 their effectiveness. 
ation or à stimulating treatment of the 


ce. For an outline of the more con- 
available. 


ló Bestea ee "i given to (Freudian) p: 
p The example, that repression 
ons, Whee ee processes are described 
ün's Olfactos organie repression" refers to evolu à 

Y tho ond Structures associated with a"decrense ir 
Whole sub; er is seeking this particular sort of inform 
nal m j then Warren Gorman's book is & useful choi 
» Scientific background, however, h better sources are 


Sug, 


Ventio 
mucl 
ROLAND HARPER 
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Dream Interpretation: A New Approach. By T.M.FRENCH and Erma From. 
London and New York: Basic Books. 1964. Pp. 224. 30s. 


It is difficult to know whom this book will serve: in many ways it is a good one, but Dream 
Interpretation is a subject with a limited audience in this country. In much psychoanalytic 
practice dream interpretation has been subordinated and sometimes even displaced by trans- 
ference interpretation and some so-called analytic forms of treatment are carried on largely at 
a dream interpretation level, using symbolic content interpretations as opposed to process ones. 

The strength of this book lies in its description of a careful checking and re-checking of the 
interpretive processes. All forms of content interpretation could lead to wild speculation and the 
authors are at pains to prevent this. One of their 


hypotheses to be tested, and it is one which 


» cogently used here, was that of a patient of 
: J 2 s rom his notes that he is aware of the personal relation- 
Ship going on between his patient and him, this method does mean that tho authors givo less 


weight than they probably otherwise would have done to the dream thought process as a facet of 
the treatment and its conflicts. The inter-personal adaptations worked out in the transference 
relationship with the analyst need the same careful checking but aro perhaps less obvious to 
outside observers who could be aware of the verbal content chiefly. Interpretations of this order; 


and therapeutically important, occur to one while reading this account but these in turn need the 
same sort of validation. 


R. E. D. MARKILLIB 


Clinical Psychology. By J. B. Rorrer. Englewood Cliffs, N.J.: Prentice-Hall. 1964: 
Pp. xv+112. > JE 

By R. R. Hzrggnixcrox, D. H- 

ann. 1964, Pp. ix+212. 25s. 


eciate the problems of publishers. On 
Ok, and on the other they have to fin 


fot i po 
ee E bred v ope but it is less certain that é ae un i i er uh ar d 
"y texts need to simplify: this can be done by integrating and axtinieting tho subject iy 
Will help him i 
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see every dark shape as a robber lurking to attack. This is a muddle between the fearful image 
and the innocuous percept’ (p. 19). Most of the section on perception is taken up with illusions. 
We are told that the terms cognition, affection and conation ‘will be used throughout the book’ 
(p. 3): fortunately this does not happen. Pleasure seems to be given explanatory force: ‘When 
he is hungry again he tends to repeat his lever pressing because it gave him pleasure before' 
(p. 68). If we make the legitimate translation into ‘because he liked doing it’, the explanation 
loses its gloss. This approach contrasts oddly with references to recent work like that on canni- 
balistic planarians. Some sections show poor editing: e.g. p. 31, ‘He cannot walk before he is 
mature enough to do so, neither will he walk unless he is taught. This process is known as 
maturation... Discussing Pavlovian conditioning on page 32 the sight of food is included in the 
unconditioned stimulus, but on page 33 salivation to the sight of food is given as an example of a 
conditioned response. 

To balance these faults the book has brief chapters on interpersonal relationships in hospital, 
pain, sleep, disorientation, development and old age, and on reactions to physical illness and to 
drugs. This is as worthwhile as it is unusual, but medical students need some solid basic psy- 


chology under their belts as well. P.R.F.CLAREE 


Statistics for Psychologists. By WILLIAM L. Hays. New York: Holt, Rinehart and 
Winston. 1963. Pp. xvi+719. 84s. 


There aro now available a large number of statistical texts written specifically for psychologists 


and socia] scientists. Prof. Hays's volume is something more than a mero addition to the list. 
t is addressed primarily to the advanced undergraduate or beginning graduate student who 
wishes to ‘go beyond the routine methods and gain more understanding of their underlying 


rationale 3 : : 

After a somewhat unconventional beginning with an elementary introduction to set theory 
“ading on to probability and the binomial theorem, the book covers descriptive statistics and 
all tho inferential techniques commonly encountered in perle In Se ara 
Section; à q "s inequality, central limit theorem, the ri $ 
Ships moni ppm apes x m = considerable depth using little more than 
elementary algebra; ea Are who is discouraged by mathematical symbols se and err B 

10 two Appendices to find clear expositions of the use of summation signs and subscripts, and the 


Concept of i : 
mathematical expectation. . . ‘ — J 
major tho i T roughout the text is what the author sees as ‘the exper imenter s 
Eu Mis ith the importance of results for prediction’. Thus 


€ndenc m ir = 
Y to confuse statistical significance W picem r’. Inan 
much emphasis is placed on confidence limits and measures of variana ae a eerie 
unusual section ontitled ‘Can a sample be too large?’ we are warned tha 


uni " i :ehlv significant where N is large. The point, although 
obi ant differences ae eie in uod dici discussion is provided of the inferences 


dom effects models in analysis of 


F ratios Obtained from a complex mu d fi ap 

s SXperim d data used for pu 

Artificially ontra wp yon this is made clear, but on vivo upset ir 
UST Homo on whether or 


Stu , i indicatii ; : 
One cole wie eri PN en ai that the performance of bright Met ona 
task may ea i gens € of competition, while that of dull aniren cay d ri si a 
t Consequence dus E k one is that two groups of children randomly selec s at i um 

Te) differi he hypothesis 1 hould differ in the variance of their scores. his 
with no indication that the experi- 


n iti ress Si 
9x ng amounts of competitive stres : 
hag lt is given to illustrate a possible use of Wer E08 wig Pick uie 
esign i istic. There is à co 
table has eg esl p apu i than 4 and an incorrect X? i opie Mene ene , 
© ge - : ct retical rather than applied. grea 
Valu A ite e Se enietion xt GM oe iier and also to the research worker whose stat- 
nd of reader the author lied upon to provide satisfactory answers to 


Wledge needs refreshing. It can be re 
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most of the questions encountered from time to time by the user of statistics in psychology and 
glossed over or omitted in other works. The style is eminently readable and the text contains 


much incidental statistical wisdom. J. K. CLARKSON 


Artistic Self-Expression in Mental Disease. By J. H. PLOKKER. London: Charles 
Skilton Ltd.; The Hague, Mouton and Co. 1964. Pp. 224. 84s. 


Artistic Self-Expression in Mental Disease is a beautifully produced book, well-printed and with 
ninety-five illustrations, thirty-nine of them in colour. It is a pleasure to possess this book. 
Prof. Plokker’s text is fascinating and thought-provoking, but in the final analysis he fails to 
lighten the mystery of either schizophrenia or of art. He himself is, of course, fully aware that 
such a task is practically impossible. 

For the Anglo-Saxon reader there is the added difficulty, to which Prof. Plokker draws 
attention when he points out that the European's approach to schizophrenia, with which he 
himself identifies, differs markedly from the approach to this disease in Britain and America. 

Prof. Plokker has pointed out that the schizophrenic symptoms—and therewith also their 
pictorial productions—have recently altered, partly as the result of chemotherapy, but partly 
because of the change of attitude to him on the part of the hospital staff, as well as of friends and 
sometimes family. It is indeed remarkable now ‘un-mad’ many patients can become if one 
addresses onself to the healthy and responsible part inside them. Furthermore as the so-calle 
normal person is becoming progressively more aware of and related to his own deep and un- 


conscious impulses and phantasies, the gulf between the normal and the mentally sick seems to 
narrow. 


ete., only a very deep and sophisticated study 


which he considers char: he tries to provide some of the formal nt 
whole sheet; this is io 


s à ;on tO 
decorate, often with minute motifs, though - re exhuberant opulence’; (b) the passio tio 


dear po z ae aion and stereotypes; (e) X-ray drawings; (/) scones hot se 
: 2 , i 5 ; set - anc? 
of being stiff, taut and inflexible. ze Space; (7) movements that give the appear? 


eribes 
cleat 


Kleinian psycho 


ization, the latter involving the * symbolic attitu e. 


oRDO* 
ROSEMARY C 


| 


Publications Reviewed 347 


Motivation: Theor 
: y and Research. By C. N. Corer and M. H. ArrLEY. New York: 
Wiley. 1964. Pp. 958. 94s. mu 


i oT Cofer and Appley outline the differences which exist in the various ap- 
fud Boer es subject-matter of motivation and their dependence upon tradition, allegiance 
Miis epica st. "This outline is continued in a following exposition of historical perspectives, e.g. 
of oo the nineteenth and twentieth centuries of the distinction between ‘conceptions 
Sun os and : motivational constructs , from the influence of Darwinian evolution and 
ee i theories including the survival value of *adaptation' to the postulation of character- 
Sünonmibi patterns or instincts as their mechanisms. In two excellent chapters on the bodily 
maa pes of motives, the authors reverse the traditional motivational priorities, making 
iss 4 . i hirst and pain avoidance follow hoarding, sucking, migration, temperature regulation, 
un. ^s : ibition (fatigue), as well as sexual and maternal behaviours, on the ground that these 

‘orms of conduct are not only adaptive but cyclic and largely independent of experience, 


w x 
hereas the former are somewhat artificial and dependent upon deprivation and experimental 


manipulation. 
Theories of motivation, for many centuries, have rested on the notion of a fundamental natural 


pies tendency which has been known since the time of Cannon as ‘homeostasis’. In an 
Pm acd clear exposition and discussion the authors emphasize the view that dynamic 
E SP ien is not only an organismie regulating mechanism which compensates in the face of 
uh ance, but also, at the behavioural level, the essential mechanism of evolutionary develop- 
Dicit in spito of the charge of non-applicability to some of the more complex and altruistic of 
takes. motives, and in spite of the clearly mechanistie and, not so clearly, vitalistie forms it 
Es pida chapters of the book aro concerned with 
edo. y documented to be dealt with in a review. No 
nistic and activation theories of emotion as motive, 


“drives? E 
iia and of the place of motivation in Learning Theory. 
e lator parts of this work, although easier to read, are sometimes harder to understand. In 


Eus tho authors present chapters on psychoanalytic motivation theory, self actualization and 
emph motivation. 'The first and third are differentiated largely, but not exclusively, by the 
Solf a asis placed by their exponents on the internal and external factors initiating conduct. The 
ens concept stresses the nature of ‘human nature’ and is thus à metaphysical but 

yy useful device for explaining if not describing behaviour. 


fter a belated ‘declaration of intent’ (a sympathetic exposition of existing theories and their 
ir own ‘Unified theory of motivation’. They postulate 


a series of topics both too detailed and too 


otable among them are the treatments of 
of conflict, stress and frustration as 


Both lead to aug- 
whereas the former stresses 


der conditions of arousal, 


me H 
ntation of vigour and both are based upon 
Conjointly 


M p» vicipations doveloped by deprivations assoc 
ese n. emphasizes an unlearned deprivation-arousal 
Which ;y chanisms are advanced by the authors to offer à 
. they believe to be ‘without utility’. In brief they wo 
tions P ies of which aro mechanisms of invigoration which 
motivation. They aro more fruitful because these concep 


Cnguire ; x : 

ae into different criteria within a two dimensional framewor ing 
moti ary concepts to a single undifferentiated index. We have in fact, a two factor theory of 
lvation. The reader must make his own choice as to whether A.I.M. and S.I.M. are more than 


Semant; $ 
ntically differentiated from learned and unlearned drives: H. C. HOLLAND 
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^W. 1, : ad, 1 
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e sent Med Journal of Medical Psychology should 
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SEARCHING THROUGH WORD LISTS* 


By ULRIC NEISSER ax» HENRY K. BELLER 


Brandeis University, Waltham, Mass. 


Two experi E i 1 i 
hee e pm ce an a — subjects searched through lists of words, looking fi 
oo an he i an of their meaning (e.g. ‘any animal’). Under these conditi = 
P AED : mda ttp (am MES ihe target is a known word, or a member of a small Bod 
ideae aussen ai is poe w ords are processed in two stages, termed ‘stimulus memi 
mue Ronnies esi — ion’ respectively. Preliminary data relevant to other aspects of 
hehe d od are also pr esented: error rates, the importance of motivation, tł c 
ords scanned over can be recognized later, and the relation between pete a 
a ni 


reading aloud. 


begin when a printed word falls on the eye? 


What ar ane 
iat are the cognitive processes that 
stages of processing may be open to 


mmis they are complex, at least the early 
Le ental analysis. 

Sian a that at some particular point a cognitive subsystem is aroused which 
is Sortie to the linguistic unit—the word—that is seen. Whether this subsystem 
is reant 6 = cell-assembly, a group of traces, à subroutine, or in some other way 
by the er LOT dis present argument. Its activity amounts to a tentative decision 
beginning — about what the word is. To be sure, this decision is neither the 
Precede E s the end of the processes initiated by the stimulus. The events that 

are, however, of a different character from those which follow. This critical 


Point P 

Dioc. T. be called the ‘identification’ of the word. Identification is itself not a 

ss, but the termination of one kind of activity and the beginning of another. 
imulus examination °. 


a ee which precede identification may be called ‘stimu 

but we ea be appropriate to call them ‘perceptual’ as opposed to ‘intellectual’, 
Éeition ar er to avoid these terms. Stimulus examination ensures the correct identi- 
omissions words over a wide range of type-styles and handwritings; in spite of 
Pendent} ame distortions of letters; in à variety of different contexts; and inde- 
i y of retinal position or size. To accomplish this, the activity in the receptors 


is a; 
nal P C i 
invari ysed for the possible presence of a variety of ‘features’ which are more or less 
a " A i 
nt over such transformations, these features 1s somehow 


combi and information about 
` Qbined to arrive at the identification of the word. The features need not be indi- 
vords may be id 


Vid 
ual le " á : e" 
l letters; in some cases W entified on the basis of characteristics 


S 
neh as length and shape. 
ner Lig studies of visual search h 
must p siom The targets were not words but single char: ‘ 
Sugeest eh. been the figural properties of individual printed letters. These studies 
lon is that stimulus examination can be terminated hus the point of identifica- 
irr, ned, In looking through a list for the letter ‘K’, subjects do not ‘see’ the 
ant letters through which they search. In other words, these letters, though 
rmed while the senior autho! 


which operated with suppo 
by the National Science 


ave dealt chiefly with this process of stimulus 
acters, so the critical features 


r was at Lincoln Laboratory of the Massa- 
rt from the U.S. Air Force. In addition, 


* M 
ch uch of this work was perfo 
Foundation under grant no. G-21654 to 


Usott: i 
d mes, ee of "Technology: 
TAndois s was partially supporte 
22 niversity. . 
en, Psych. 56, 4 
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examined, are not identified. Identification does not occur until the successful 
termination of the search. Moreover, the scanning rate is independent of the number 
of targets, or potential identification points (Neisser, Novick & Lazar, 1963), uon 
it may vary with the nature of the irrelevant letters (Neisser, 1963, expt. IIT). T on 
there seem to be two phases of stimulus examination: an initial process of denaro: 
formation' is succeeded by one of ‘letter-formation *, which ends when the letter is 
identified. The results of the earlier studies are, then, (a) that inspection may be 
terminated after feature-formation and before identification, and (b) that some of 
the processes in feature-formation are better thought of as parallel than as sequential. 
The processes which follow identification of a word operate upon very different 
information from those which precede it. The physical dimensions of the stimulus 
become irrelevant; indeed, the subsequent processes can go on in the absence of = 
stimulus. They consist of forming and using relations between the identified wor 


A : 2 roused by 
and other information previously stored. Other word-systems may be aroused by 


what is often called ‘association *; the meanings of the identified word may be deter- 


mined; visual images may form; properties of the object which the word denotes may 
become available, and so on. Because these activities all involve stored information, 
they may be called ‘memory examination ’. The search experiments to be reported 
here differ from our earlier work in that memory examination, as well as stimulus 


iserimi : rant 
A 4 y to discriminate between the target and the irrelev s 
items. That is, some of the targets were defined by meaning rather than by thel 


ri > : "oq, H i ar p 
The subjects of the present experiments scanned through word lists in search 
certain target words. The use of words as target 


memory examination will be involved, In ] 
'Moxpav 


ensemble are w 


et of the search was defined as any of the fifty American st 


sr e or fewer letters actually appeared. We a pone as 
soon become familiar enough to be treated simp 


H * 
ns, Independently of their meaning. This expectation was * 
ill appear below, 


that 


: *; in a third, either one A pa 
SE’, say, in such jq 

: à : ^! à search, one must cons 

i a 

nformation to determine that it does not refer to an animal Perhaps it is not actu? 

necessary to decide what ‘Houser’ q i z 


D r exa 
e cannot rely on stimulus figur? 


ubje^ 


re 


uy 


aning-defined target forces the £ 


"n 
Sent experiment was, therefore, ( jat 
^. H . » H I 
arget can be distinguished by stimulus exami 


Searching through word lists 351 


alone (single words, small sets of words, letters) than when its definition requires 
memory examination (target classes defined by their meaning). In addition, the 
experiment was designed to test two other, more speculative hypotheses: (2) that 
all searches for targets defined by stimulus examination alone will be equally fast; 
(3) all searches based on meaningfully defined targets will be equally fast. 

These two latter hypotheses were formulated because our previous studies of 
letter-searches had shown that the number of targets does not affect the speed of 
Searching. Thus, at least some processing operations can be carried out in parallel 
at the level of stimulus examination. If all operations were parallel and of equal 


Complexity, then all searches at a given level would be equally fast. 
Experiment I, involving six scanning conditions, was carried out to test all three 


hypotheses. It will appear below that hypothesis (1) was confirmed, hypothesis (2) 
disconfirmed, and hypothesis (3) left ambiguous. Experiment II was carried out as 


a further test of hypothesis (3). 


EXPERIMENT I 


Method 
Stimulus materials. The experiment required three pools of English words, one of which con- 
tained names, another animals, and the third general words (i.e. non-names and non-animals). 
he > b zi i "ce Magazine Count (Thorndike & Lorge, 1944). 
, 98e were constructed with the aid of the Lorge Mag à wena pha a : 
onstruction began with a computer tape on which 77,029 different w ords anc E requencies 
of occurrence were represented. The tape was edited by computer to eliminate w on s bremen 
Incorrect symbols or other detectable faults, as well as words that were too long (ov er eig] is "* mi 
°F too rare (less than three occurrences in the five million words of the aa ne a e : : m 
resulting list of 24,869 words was twice edited by hand to eliminate words w = h a ue 
proper or dubious English, and to separate names and animal € eene e » 
urther editing by computer then eliminated words which were shorter t nba 2 S 
9nger than six. Words containing the letter ‘K’ were also set aside into pop e] mM d" 
After these editing procedures, the general pool contained 7901 words; t 2 pa pons a 
Words; the name pool had 514 men's and women's first names; and the me po eet 
5 animal words, broadly defined to include birds, fish, insects, etc. Ang codes iom 
ntained the eleven names of American states which fit the ee d eii 
aho, Iowa, Kansas, Maine, Nevada, Ohio, Oregon, Texas, Utah. Since «ia Melun A 
Was the target in one experimental condition, all days of the week and ia i] ae ee 
som the general pool, as were a few other words which had special signi = shod we 
9Xperiment (Neisser & Stoper, 1965). All the pools were mutually amola = saec eina 
Might reasonably be in both the name and the general pools (e.g. “pat ) were elim 


e course e S T iguous words 
Durin f cperiments, a few other names, animals, or am 

; ring th rse of the experm " b d: 
i t ing p! e were eliminated trom 
looked during the editing process. 'These were ted f 


fame to light t Wr en m 
8 hat had been over T. 
Dom Ceci epe a a by a computer, and em p 
P i , n of fifty words, of which forty-nine were drawn a 
Tandon Page et “The pac d item, whose position em baa dit 
Ono list to EON ess pgs he target, drawn from one of the other poo n pm ae 
Menta] co ees E Ed below. Fifteen lists pertaining to s (de ds pi reread pra 
Cong ition nditions ee gether to form & ‘deck’; this faaitaha t x. usi ^ir pen 
Presentati i attached ee For the first 10 days. the lists were printe mes p 3 fe ces vies 
“reafter Pee sn subjee je; was used. No discontinuity in scanning Sp 
k " pipe i f the name and animal pools, it was inevitable that some 
ing iius ta comp natively SS onoll m “the course of the six-week aj sae plage 
“Dict bug bcd: d - by becoming familiar with specific target items. 10 k on 
might improve simply by "- 


co 


e = KE CHE ; 
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X et aside. They 
i rE m, were set as 2 
n ibility, one-eighth of the words in each pool, selected at r diserte viendo 
this possibi itv, targets during the first 25 days, but were added to the t; g 
did not appear as g g n 
iti C ^ targe 
| ona i iti 'ondition K, the ta 
kc J 7 ix experir ental conditions. In conc A ihe 
Experimental design. There w ere six exper Ni arget was always the fis vui 
s a eser 
as drawn at random from the name an on 
he subject, who was simply ins : : 1 
Animal the target was similar y eim 
E s la s 
‘animals’ included birds, tape lee Ps 
i ^. The pr 
ions were presented on every experimental day. The [ 


roficient. On 
as the subjects became more proficien 
day 11 we felt able to adda fifth condition, States, to the 


; in these 
icit l ^ j h rates in A 

to look for any American state, No explicit list of states Was presente d. eges ame or. Animal 
cus pe tid seemed to have levelled 80 a sixth condition, a eal so that the 
d t A) was introduced. In N or 4 the target could be either à name or an an 


ere 
random) we 

i sibilities If the targets (at rar 

subj remain alert for both Possibilities, In fact, ha i 

jl EA to "x i 18 was varied from day to day. 


"^ <). Thus, the 
E pesca oe for twenty-eight daily sessions (on a 5-day — ee this 
subjects did not have equa] practice in all the conditions, We were sil ie eee i whieh 
disparity, since our primary interest Was in the asymptotic Scanning rates— RANA transfe 
effect. Moreover, we assumed that po f practice. 
art ly compensate for the unequal amounts ja find out 
i itional Procedures were undertaken 


ition N arget w. 
“Monpay’. In condition Name, the t we 


/ was simply asked whe Mates wore given: 
On day 29, only conditions Name, K, and States ly, a recog- 
inth list, in these conditions iui gin m eight 
i h subject Was read sixteen words, inc ES ou that 
ntify those which had appeare 
Apparatus and procedure, The lists 


ed 
box. When the subjec 


appeared behing a gla: 
Uly) was re 
'urned off a fixati 


struct 
ss window in a specially canit 
ady to begin a Search, he activated fa and also 
amps illuminating the ey type ° 
ly began to Search down through the list = the switch 
target appropriate for the given perimental condition, When he found it, he turnec itch cause 
i Tget word aloud; then a third turn of the swi 


i 
ime, 

s arch time, | 4 
ecorded target position and scare egin 


idered pra x 
- The first two were considered pre ner 


empt 
: he experiment was an atti s 
Scanning rates for these 


2s the 
“7 Materials. In all conditions, 
repeatedly encouraged to go faster. 


y were 


Were analysed to 
of analysig has be 
are plotted as fu 


Lion 
tio 
, : ondi 
each subject in a given c d 


tho 
^he me 

Se of scanning rate). T = time? 
vious Papers (of, Neisser, 1963). The scat T 


M Quare 
10n of the target in the list, a least-squa 


en described in pre 
netion of the posit. 
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is fitted to t is line is tak i 

aie a -— ig of this line is taken to represent the time needed to 

er oe speeds. Ink ig. 1, time per word for individual days and conditions 

Bon e a * eraged over subjects. It is clear that Monday was the fastest condition 

Bisse vx ais and consistently required about 0-07 sec/word after day 18. 

011 Sha ot ow er than Monday, even after extensive practice, levelling off at about 
. The difference was maintained consistently by all six subjects through day 


26, : 
6, and by four of them through day 28. 


0:50 
-D- Monday -o- Animal 
040 H =z- States — Name 
—— K — NorA 


0.30 


0-20 


Time per word (sec) 


0-10 


Experimental days 


r word as a function of day at practice, Expt. I. 


Fig. 1. Time pe 
he mean for six subjects. 


Each point is t 
" Tt is apparent from the figure that K was initially very slow, but eventually 
cached a speed only slightly slower than States, and faster than any of the meaning- 
fully defined conditions. However, there were wide individual differences in the 
Scanning rate for K, so that this outcome cannot be regarded as conclusively 
established. 
All of the meaningfully defined conditions (Name, Animal, N or A) were scanned 
ae slowly, on the average, than any of the three conditions, already mentioned, 
vhich were definable by visual inspection alone. The differences between the 
e aningful conditions on the one hand and Monday, or States, on the other appeared 
" nsistently for all six subjects in the later stages of the experiment, and so may be 
“garded as significant at the (3)5, or 0:02 level. Again, the wide variability in con- 


n K prohibits any firm conclusions. 
Fig. 1 shows that Name and Animals were equally fast, about 0-17 sec/item over 
Mid 15-25. N or A, in which the target might belong to either class, was scanned 
ie. hah more slowly than the other two by most subjects. Individual data appear 
Table 1, 
is Drrors, An error of omission is 
" response to a word other than the targe 
onday (3), States (7) and K (4). In the cases 0 


a failure to find the target; an error of commission 


t. The latter occur extremely rarely in 
f Monday and States, nine of the errors 
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"On pi reat physical similarity to a target: 
e am E ete y i (ne ups responded prie 
m dine to be discussed below. Errors of commission are à E E ex 
EE Spe meaningfully defined conditions; most of those which do "E pes 
Me: ble either to a word that ought to have been edited out of the b iln 
one ill is misapplication of a criterion; e.g. ‘CLAUSE’ interpreted as a n: 


Table 1. T'ime per word (sec) by subject and condition, Expt. I, 
averaged over days 17-28 


Subject 

r 5 : Mean 
Condition SS LL KP SW GA RD oz 

s . ; ; 0-09 
‘Monday’ 0-05 0-05 0-09 0-08 0-08 ? 0-11 
(2) "States! 0-07 0-09 0-11 0-13 0-11 019 0-14 
(3) ‘K? - 0-07 0-13 0-21 0-13 0-13 0-14 oll 
Mean 1-3 0-06 0-09 0-14 0-11 0-11 0:12 ad 
15 : 0-24 ! 
4) Name 0-13 0-14 0-15 0-19 0-19 0-18 
T Animal 0-16 0-16 0-15 0-18 0-20 0:21 0-21 
(6) NorA 0-15 0-18 0-20 0-21 0-25 0-29 5B 
Mean 4-6 0-15 0-16 0-17 0-19 0-21 0:24 4:15 

Grand mean 0-11 0-13 0-15 0-15 0-16 0-19 

"Table 2 


- Percentage errors of omission, by subject and condition, Expt. I 


Subject 
Condition 


Mean 
SS LL KP Sw GA RD 10 
(1) ‘Monday’ 16 18 12 4 4 5 10 
(2) ‘States’ 19 12 9 6 5 7 9 
(3) ‘K’ 8 20 10 8 2 6 10 
Mean 1-3 14 17 10 6 4 6 
21 
(4) Name 22 18 28 13 15 31 24 
(5) Animal 26 27 29 17 12 30 30 
(6) N or A 42 35 28 16 17 38 25 
Mean 4-6 30 26 28 15 16 33 17 
Grand mean 22 22 19 11 9 20 


© common j 


S, reaching a Temarkable 30 % in N 


which produce the s] 
Tables 1 and 2 indi 


: ree days 9 
appear ag targets in the last three 
experiment, 'The error rates on these n 


rom 
ew targets were in no way different iig days 
ng targets (many of which had appeared on earlier 


Bae i ne 
d conditions for aq three of these days, there were 51 t ; 
citing 14 errors (0-27): there Were 399 instances of other ta 
curred before, eliciting a total of 110 errors (0-28). 


of such new targets, eli 
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ecogniti i : 
p tesis No ErP performed better than chance on day 29 when, after 
everal lists, he was aske to say which of six yor ^ "d 
Beni we y of sixteen words read to him was fr 
nad just finished scanning. The us report w: i indie 
org a g. The usual report was that few, if any, of the words 
Fhe results of Expt. I substantiated hyp 


involy inati 

ot ane ed memory examination were performe 
v sti i 2 : 
y stimulus examination. Hypothesis (2) was disconfirmed, in that both States and 


s, slower than Monday. An interpretation of this finding appears in the dis- 
ra E below. The data seemed ambiguous, however, with respect to hypo- 
i mcn A while N or A remained slightly slower than Name or Animal throughout, 
nidum. to approach them as the experiment ended. Given additional practice, 
ied. might be able to scan with equal speed in all three of the meaningfully 

conditions. Expt. II was carried out to explore this possibility. m 


othesis (1): the search tasks which 
d more slowly than those requiring 
o 


EXPERIMENT II 


Method 

t. II was to replicate conditions Name, Animal. 
Name and Animal pools of that experiment, 
he experiment), the irrelevant words on the 
in which the minimum language- 
liarity on scanning rate, the 
s of at least 50 per 5 million) 


and V or we Since the purpose of Exp 
Hor dis é 4 of Expt. I, targets were drawn from the 
list fe s 1-16, and also on day 20 (the last day of t 
bamen drawn from the same pool of general words used before, in w 
lalava was 3 per 5 million. To explore the effect of word-fami 

ant items were restricted to more common words (frequencie: 


on days 17-19 
App : 
«ratus and procedure. The 
Was used. p 
Subj 
jo ‘Three male and three female 
‘ial encouragement given them to induce 


inan 4 7 
a vperimental design. To keep the first experimenta 
me and Animal were presented thereafter all three conditions were presented daily. 


tine matic efforts to maximize performance were made in this experiment. On days 1-9 
"me ^ efforts were restricted to praising the subjects’ work after every 12-18 lists (one condition). 
een the ninth daily session, the experimenter took 15 min to explain that it might not be 
dos. to identify every word absolutely: į that it would help to keep one's eyes moving rapidly 

wn the list; and that perhaps skill in rapid vis t transfer to everyday reading 


RES ual scanning migh 

the i» During days 10-14 he offered almost continuous verbal encouragement, and evaluated 

Subjects’ performance after each list was scanned. From day 15 on, the less intensive style 
chien characteristic of the first 9 days was resumed. 

3m it the conclusion of the experiment, each subject was asked to read five of the lists aloud as 

m idly as possible, and his total reading time for each list was timed with a stop-watch. Of 
© five lists read aloud, three were made up of the more common (C) 


is words used on days 17-19 
* the experiment, while the other two were from the general (G) pool. The order of presentation 
vas CCG GC - 


Stimulus materials. 


procedures of Expt. I were followed, and the same apparatus 


Brandeis undergraduates served as paid subjects. The 
described below. 


rapid scanning is 
1 session reasonably short, only conditions 


Results 


2 exhibits average time per word as à function of day 


Tt can be seen that subjects began by scanning 
and still more slowly in N or A, and that 
f practice as all of them improved. 
at the end of the experiment, 
[word. Individual data appear 


op Mean scanning speeds. Fig. 2 
eee for the three conditio 
the n in Name, more slowly In 
ree conditions converged d 
but "e was still slightly slower 
he average difference is not 


ns. 
Animal, 
uring the course © 
than the other two 
more than 0:01 sec 
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in Table 3. During the last week of the experiment, only three subjects still showed a 
systematic tendency to slow down in the double condition. 

The effect of restricting the lists to common words on days 17-19 was surprisingly 
small. Indeed, there may have been no effect at all; the slow-down on day 20 may 
have resulted from other factors. 

The scanning rates attained in Expt. II seem to be slightly higher than those for 
comparable conditions of Expt. I, but the difference is small enough to be ascribable 
to individual variation. The substantial drop in time per word after the special 
encouragement on day 9 is also noteworthy, 


0-40 : 
035 L, 
030 L 
B 025 
5 
& 020 L 
o 
= osh 
" 79— Animal 
010 — —— Name 
NorA 
0-05 |L 
0 Oe a ER Gb r8] 
Dod 8 12 16 2 


of day of practico, Expt. IT. 


Errors. Table 4 shows that tl ; 
s he error rates in R " than tho? 
of Expt. I, but still very substantial, Again the —— I were slightly lens cd there 
1$ no consistent relation between th sis highest in N or A e 


8 aloud. There i 


no i ; en 
indi S no consis on betwe 
tes of indivi d tent relati 


ual subjects, 
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Table 3. Time per word (sec) by subject and condition, Expt. II 


Subject 
g f 
Condition JS BD EL SS GL RH 
Name 0-17 0-18 0-19 0:25 0-28 0-30 
Animal 0-17 0-20 0-20 0-27 0-30 0-32 
Nor A 0-19 0-22 0-22 0-27 0-33 0-33 
Mean 0-18 0-20 0-20 0-25 0-30 0-32 


Table 4. Percentage errors of omission by subject and condition, 


Subject 


Condition JS EL BD ss GL RH Mean 
Name 12 20 15 Et 14 9 15 
Anima] 11 18 17 16 16 9 15 
Nor a 14 24 16 18 22 12 18 

Mean 12 20 16 17 17 10 15 


Table 5. Time per word (sec) in reading aloud, by subject and word-frequency 


Minimum frequency 


(per 5 million) Js BD EL SS GL RH 
50 0-39 0-34 0-38 0-38 0-36 0-39 
3 0-42 0-35 0-41 0-38 0-42 0-45 


Subjective reports. No subject noticed that the lists used on days 17-19 were made 
UP of more common words, although the difference is immediately apparent to any- 
One who looks for it. Five of the six reported that they usually did not become aware 
9* the meaning of the words through which they searched. 


Discussion 


The results of Expt. I confirm hypothesis (1) decisively. The three conditions which 
require memory examination during the search process have substantially the 
Slowest Scanning rates. More time is needed to decide whether a word is a proper 
name than whether it is a single identifiable configuration like ‘Monpay’. Further- 
eo the decision process is much more fallible in the former case. Within the con- 
in. 9f a single experimental method, we have operationally defined two discrete 

els of cognitive complexity. : m 
tat Ypothesis (2)—that Monday, States, and K would give rise to equivalent scanning 
5 $5— was disconfirmed. It seems likely that the eleven possible states did not form 

Clearly delineated set of possible targets for our subjects. Thus, their task was more 

Cult than that in Neisser et al. (1963), where the target was any of ten letters; 

à © possible targets in that experiment were ostensively defined, while our eleven 
Sess Were not. In this connexion, it is noteworthy that one subject responded 
State Sly to ‘Mass’, which memory examination might classify as the name of a 
wp; "nee it is the common abbreviation for ‘Massachusetts’. Thus we believe that 
be Were occasionally examining the meanings of words in condition States, even 
Eh in principle they need not have done so. Apparently no such processes 


Co " 
“red in M onday. 
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; "— t 
i liminary experimen 
iti te unexpected. A pre À 
s lty of condition K was qui eu, Aq Lot orm 
h: ids m subjects can search for K very rapidly in lists = per adiac 
seri i n f five subjects on that occasio ge 
d, the average time per word o E mel qnt 
iir ore was only 0-09 sec, slightly less than was needed to se F m emi 
emi pi letter strings. Apparently the varying word rset m set 
rani - p ; » ve =: 
i vith which K was masked bj g Fa 
: ncreased the effectiveness wi by negoti 
a e A subjects may have been so definitely set to look at : Pm Ed 
A aA could not easily decompose them into constituent letters. £ pes : 
kind of verti examination in which every letter must be considered, 
t. á 
word-search such as Monday does no 7 — 
The third hypothesis, that all the searches requiring memory ore d 
be equally fast, was not confirmed even in Expt. IT. Although the differ = E: 
N or A and the two single conditions became very small, and negligib 5 RM 
subjects, it did not vanish entirely. The error rates also reflect the greater on 
of the double search. However, there can be no doubt that the differences 


Y is + these 
conditions narrowed during the course of the experiment. To account for 
findings, it would be necessary to develo 


We are not prepared to offer such a the 
The tests of recognition memory c 


p a theory of memory structure and its use 
ory at present. = in este 
arried out after Expt. I (and Hane sting 
reported in Neisser & Stoper, 1965) indicate that subjects do not make any jac n 
record of the words through which they search. This suggests the existe ripe 
operationally distinguishable levels in memory examination. A subject ie n, but 
mines that a given word is not a name is comparing it with stored informatio » cific 
not to the extent that would specify it uniquely. Hence, its occurrence as a ee 
individual word is not stored, nor even registered, as the introspections of our su n 
indicate. This kind of incomplete memory examination also characterizes pem 
reading; one ordinarily becomes aware of the meaning of a passage without uige 
the words themselves. In some cases, one may not even know in what vain pm 
the passage was written (Polanyi, 1958, p. 57). Further research will be nce a 
clarify the conditions under which i 


ognitive 
ae j e 
ndividual words undergo more thorough 

analysis. 


The computer tape from which our words were drawn was originally prepared by ag 
Silver from Professor Lorge's punched cards, and was made available to us by nue 1bje® 
Mrs Miriam Goodman was the painstaking editor of the lists; Miss Louise W: ylan ran the pe dis- 
of Expt. I; Miss Catherine Ellis conducted the preliminary experiment described in : 
cussion. We especially appr 


; itive Studio? 
1 . Ppreciate the helpfulness of the Harvard Center for Cognitive 
at which both the preliminary experiment and Expt. I we 


re conducted. 
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REDIRECTING THE SEARCH PROCESS* 


By ULRIC NEISSER ax» ARNOLD STOPER 
Brandeis University, Waltham, Mass. 


Subjects scanned through lists of words looking for proper names. Some lists contained cue 
words which made it possible to skip a number of lines. One or two seconds were needed to make 
such a skip; hence cues for short skips were not used. Interpretation is in terms of a higher- 
order process which controls the scanning pattern. 


In reading, one does not look carefully at every word. Successive ocular fixations, 
and presumably successive fixations of attention, are spaced in a way which depends 
partially on what has been read. In particular, one makes more fixations as the 
Material read grows more difficult (Tinker, 1958). In other words, information that 
has already been assimilated determines where new information will be sought. 

How quickly can such changes in the reading process be made? Perhaps only 
Slowly : a reader who is fixating every fourth word (say) may have to read a paragraph 
Or a page to find out that his tactics are inappropriate and that a different fixation 
Tate might be better. At the other extreme, it may be that attention can be 
Manceuvred on a word-by-word basis, using each word seen to direct the next move- 
ment of the eyes. 


The present experiment was an attempt to determine how rapidly a visual process 
can be redirected. Instead of ordinary reading, we used the method of visual search 
(ef. Neisser, 1963; Neisser & Beller, 1965). Subjects were presented with lists of 
Words, to be searched until a proper name was found. Some of the lists also contained 
Cue words which indicated that a portion of the list could be skipped. We expected 
that these cues would be used to increase the efficiency of the search. 


METHOD 


pro Mulus materials. The experimental design required two pools of English words, one of 
im a names and one of non-names. These were constructed from the Lorge Magazine Count 
5 Way which has been described elsewhere (Neisser & Beller, 1965). The name pool contained 
mene and women’s first names, while the general pool contained 7901 other words. No 
Ke 8 Containing the letter K appeared in either pool, but a separate pool of 739 non-names with 
an d alled the K-pool, was also available. All the words were between three and six letters long, 
had language frequencies of at least three per five million words. 
Ral, 1n previous experiments, the lists to be scanned were constructed by a computer from these 
use 8, and printed on individual pages. Standard output paper with green baekground lines was 
fifty. Each list was a column of fifty words drawn from the general pool, except that one of the 
eon i replaced by the target word (drawn from the name pool or the K-pool, according to the 
deg, ition), and in some conditions another of the fifty was replaced by a cue word, to be 
cribed below. 
* 

Es tta tis Work was performed while the senior author was at the Lincoln Laboratory of the Massachu- 
Search potuto of Technology, which operates with support from the U.S. Air Force. In addition, the re- 
: Diversi S partially supported by the National Science Foundation under grant no. G-21654 to Brandeis 
Which t Y. The authors also appreciate the helpfulness of the Harvard Center for Cognitive Studies at 

© experiment was conducted. , 
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Exper ed i i itions be used to 

perimental design. Two cue words, which appeared in certain eq — jedes 
een he sea eh pro cess. V { ‘hop’ eared in the list, the get never 

i r ss. Whenever the word hop’ app ssp 
Minera i ve li Bi "ord ‘j °’, on the other hand, meant that the 
ithin the next five lines (3 in.). The wor jump’, i mee 

arget wo 1 f Pp i x i (23 in.). No more than one cue word appeare 
vould not appear in the next fifteen lines (23 in. DÀ bsp I ! 

in single list. These contingencies were carefully explained to subjeets, who had many oppor 

s 


i ; "ord, except that the 
list was essentially random within the restrictions imposed by the cue word, Map orm with 
e. ositions in certain lists were matched after day 10, as will appear below i cit legi 
irre the position of the cue was also essentially random (given the necessity 
cu » x. E s 
t) except for a similar matching procedure. . eu 
room for the target) p ntal conditions, all een 
à ists presented 
each day. In condition hop, approximately two-thirds of the twenty-four lists reet E: of the 
daily session contained a ‘hop’ cue; the others were controls. Similarly, about two-thirc 


ists 
n hop and jump pings 
s vel $ 
were always presented, regardless of errors made by the subject. The control condition, h 


A er 
in procedure was introduced, for reasons given below km 
dition, mixed, wag Substituted for the other three. The Ap x di 

9 of these (ono containing ‘hop’ and the other * jump ) 
considered practice. Of the rema 


POP ME sighteen 
ming fifty-four lists, eighteen contained ‘hop’ and oe pjoct 
‘jump’, while the other eighteen Were controls. Their order was randomized, so the 


ne, wot of lists 
> he would encounter, He went through the entire set © 


1 strained? 
of the other lists were also partially Pen words 
t sometimes followed ‘hop’ by less than the fiftee 


rocedure 
ed the letter K. The ae D 
rw t © control condition during days 1-10, and was identic 
condition K of Neisser & Beller (1965 Tun concurrently. edur? 


vith 


mory 


appeared on the two Preceding lists; 
in the mixed condition, the experimenter read twenty-four words to the subject, who pee” y 
which ones had appeared on the im ; eding list (Sixteen of the twenty-four act 
were taken from that list i ight were new w ords) 3 t 
wad bin, k T 
l T mo ya : is list was used on day 29 to determine whether the ‘hop’ and I oon 
skills wou. transfer fr, z É 1nob 
h : se "Ke ow ously hac itio? 
combined with cue words. Fifty. end vr hein idi dra to condit 
mixed, but with K-words as targets, Watts e 


Apparatus and Procedure. The subject used a hand 


; ; hat 2? 
asked about two particular w sn t ist 
membered seeing either.) After tho zed 


ší 


+ oh cause 
c -held switch to turn on lights ipae als? 
ediately began to Foun’ 


started a timer, which Stopped wh d 


cen 
e licated tha target had bee 
Details of the procedure can bo fou ally rods Minn: d by the 
i h ; r 
arvard Summer School were p san" 4 
ut after day 13 for personal reason?" 
? comparable to those of the 


results to that point wer others but they are not used here i? 
e entire experiment, xd 


analysis which spans th 
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The subjects knew that the experiment was an attempt to determine the maximum possible 
Scanning speeds, and the most efficient possible use of the cue words, under the given 
conditions. They were repeatedly encouraged in an attempt to improve their performance. 


RESULTS 
Method of analysis. Our usual method of analysing scanning data (Neisser, 1963) 
requires further consideration before it can be applied to such conditions as hop, 
jump, and mized. With this method, search times are plotted against the actual 
Positions of the targets. A computer program then finds the best-fit straight line by 
the method of least squares. The slope of this line is its most interesting characteristic : 


9 Control Lists 
10 — 
4 Hop Lists (C-H) 
A. 
[ @ Jump Lists 
(C—4J) 
^ wu 
ri 
È 
o 
£E 
Ez 
$ 
a 
o 
n 
a 
JZ | | lias | uU 
0 10 20 30 40 50 


Position of target in list 
Fig. 1, Analysis of search times in condition mixed, day 21, subject CE. Separate lines have 


sen fitted to points arising from the three kinds of lists. Vertical lines indicate matched points. 
© brackets show an example of the computations of C — H and € — J. 


it 
Measures 


the increment of time needed to scan each additional word. The day-to- 
aY variabi 


lity of the slope (time per word) is usually small in practiced subjects. 
ihono easy to argue that the y-intercept of such a line is also meaningful. It may be 
ing nt of as a reaction-time, showing how long is needed for starting and respond- 
then ie without any words to scan. Certainly a subject who started the clock and 
ing, tited for a second before starting to scan would have an abnormally 
argu on such trials: each point would be about one second too high. 
on a subject who always began with the sixteenth item, 
Sect 4) Would produce abnormally low intercepts. In fact, since hi 


© x-axis somewhere near 15, the y-intercept would be nega 


high 
By the same 
skipping the first 
s line would inter- 
tive, 
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The same considerations apply to a subject who systematically skips any fifteen 
items in the list, or any other fixed number of items, whether or not they occur at = 
beginning. Wherever the skip may be, provided only that it occurs before the target, 
its effect will be to lower the intercept of the best-fitting line. There is no methodo- 
logical reason for expecting such skips to affect the slope. (This does not yeh 
the empirical possibility that scanning may proceed at different rates in differen 
conditions; relevant data will be considered below.) In hop and jump, some of the 
lists contained the cue word while others did not. It is apparent that the search-times 
for lists containing cue words should lie on a line with a lower intercept than those 
for cueless lists: hence separate lines should be fitted to these two kinds of data points. 
The same reasoning applies to the mixed condition. It is appropriate to fit three 
separate lines to the three kinds of points, deriving from lists containing ‘jump > 
‘hop’, or neither of these. The argument is illustrated by Fig. 1, which presents data 


from a practiced subject in condition mixed. The different intercepts and common 
slopes of the three lines are clearly evident. 


This line of reasoning, together with Fi 
appropriate measure for d 


point where it intercepts the y-axis. “ion 
Sure of the time saved by ‘hop’ and ‘jump’, M 
perimental design repeate 38 
three different lists that had their targets in the mi 
Save some search time h iu once by ‘jump’, and once by neither. n > e 
eee ime Y M" the cues, we should expect the absolute time ne M 
UC the target after ‘ju o be least, with more time needed after ‘hop ? 


ists, 
time differen Vi br nd jump lis 
and between t Aper poi nees between the control ar J 
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number of matched points discoverable in this way was small (an average of 3:6/ 
Subject/day) and variable, it was sufficient to provide some impression of the use 
of the skip-cues in the early part of the experiment. 

Effect of conditions on scanning rate. Fig. 2 exhibits the daily average times per 
Word. For the first 10 days, the three experimental conditions are plotted separately : 
in the hop and jump conditions, only those trials in which the cue words actually 
&ppeared were used in the determination of time per word. From day 11 on. the 
three separate functions are extracted from the data of the mixed condition. It is 
Apparent that there are no systematic differences between conditions. This was true 
of the subjects considered individually also. 
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Fig. 2, Time per word as a function of day of practice. Each point represents the mean of five 
Subjects, Hop, jump, and control were separate conditions on day 1-10, and subsets of a single 
Condition thereafter. The horizontal lines represent average performances in condition name of 
Neisser & Beller (1965) over the periods indicated. 


The fact that subjects scan the three kinds of lists equally fast after day 11 is 
hardly Surprising; they could not vary their speed as a function of the cue word at 
ast until they had scanned enough of the list to find it. The equivalence of condi- 

lons in the fist 10 days is, however, more significant. If watching for a cue-word 
pa forced the subjects to scan more slowly, times per word would have been smaller 


n ! j ae 
N the control condition than in the other two. Since this did not occur, we can 


in alude that the extra operations involved in watching for ‘hop’ or ‘jump’, and 
; being ready to make use of them, did not require extra time. 
^: his Conclusion is substantiated by a comparison of the scanning rates with those 
" 


ined in condition Name (Expt. I) of Neisser & Beller (1965), which was identical 
ù the control condition employed here. In that experiment, no skip-cues ever 
ite cared. The three horizontal lines in Fig. 2 represent the means of six subjects in 
hs condition Name, averaged over the days indicated. It is evident that our skip- 
the y Subjects are not slower than those of the other experiment. On the contrary, 
twe beue much faster, and only in the last week of practice do the speeds of the 
fas E Perimental groups converge. We cannot be sure why the present subjects are 

Initially, It is not from the advantage of ‘hop’ or ‘jump’, which does not 


Wit} 
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appear in the time per word as explained above. Individual differences may be 
responsible; there is some overlap between the groups. 


Perhaps because they start out scanning so quickly, the subjects do not display 
much improvement as the experiment progresses. Time per word begins at less than 
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1 sec, and ends, with remarkable stability over the last 10 days, at about 1 sec. One 
subject displayed no apparent improvement at all. ' . . "- 
The use of ‘jump’. Fig. 3 shows how the use of ‘jump’ and ‘hop changed dox ng 
the course of the experiment. Even on the first two days, the average subject san - 
Dearly a second of search time by using the ‘jump’ cue. Thereafter, the time Ban ed by 
‘Jumping’ typically increased to a maximum before the tenth day. followed by a slow 
Tegression. At the end of the experiment, subjects were saving about as much time 
as they had at the beginning. This pattern, a rise in e — J over the first few days 
followed by a decline, appeared in all subjects individually, although eg was 
Considerable variability in the magnitude of the changes. With one subject, Qu 
Opped essentially to zero after the eighth day, but the others continued to save 
*ppreciable amounts of time with ‘jump’. 
Thus, there is no doubt that such a cue can be used, at the scanning speeds of this 
©xperiment. Some further analysis will help to clarify its use. For this purpose, 
Table 1 presents some individual data. Consider subject LR, whose scanning speed 
during the last ten stable days of the experiment was 0-20 sec per word (or five words 
Per Second). Over the same period, she averaged 1-79 sec less to find a target pre- 
eded by ‘jump’ than to find a target in the same position in a control list, This 
“wing of time may be considered as the equivalent of scanning nine words. To scan 
through the fifteen words over which she jumped would have taken 3:00 sec; so we 
ean Say that the jump itself cost 1-21 sec or the equivalent of six words. c» 1 
Indicates that ‘jumping’ requires at least a second for each subject and Ahont 1-5 sec 
9n the average. The number of word-times saved by the jump in this concluding 
Portion of the experiment is at most 9-0, and averages 5:3. The changes in this 
variable Over the whole experiment is shown in Fig. 4, in which the time-differences 
91 Big. 3 have been divided by time per word. . 
, The Slow deerease in the time saved by ‘jump’ cannot be ascribed simply to an 
Mereased Scanning rate, since it appears as markedly in Fig. 4 as in Fig. 3. It suggests 
wither that with Tersdsing practice scanning becomes a better integrated series of 
actions, and thus harder to interrupt. Such an interpretation suggests that fast 
"à Jects, who presumably have better integrated scanning movements than slow ones 


9; Should actually benefit less from ‘jump’. Table 1 indicates that this is indeed the 
Case, 


The use of ‘hop’. Fig. 3 and Fig. 4 show that ‘hop’, which indicated that only five 
Meg * Iu 


of could be skipped, was not well used except for a short period near the beginning 
y, © experiment. On the average, practiced subjects save no time by using this cue, 
9 Individual data in Table 1 suggest that while the slowest subjects did make some 
ES 9f "hop? ona of the fast ones was actually handicapped by it. Subject JJ took 
3 nificantly more time to find the target when a ‘hop’ cue preceded it than in matched 
Dro] lists, 
ha, sults with, « K’. This condition, in which the target was a K-word rather than a 
9, Was introduced in the hope that it would produce a different scanning rate, 
ag e ich ‘hop’ and ‘ jump’ might be used in demonstrably different ways. However, 
tha. 8. 2 indicates, asymptotic performance in this condition was nob different from 
& Ban Mixed. (It was comparable to performance in a similar conditio 


n of Neisser 
^ 1965.) On day 29 a ‘mixed-K’ condition was used, 


in which subjects 
Gen. Psych, 56, 4 
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searching for K often encountered a ‘hop’ or a ‘jump’. No change appeared in their 
scanning speed. The amounts of time saved on the K^ lists containing cue words were 
somewhat greater than the corresponding savings (C — J)and (CU — H) in the regular 
name lists, but the difference may well have been due to chance. 
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Table 1. Time per word (sec) and time saved by cues, for individual subjects 


Bulissbs...o LR CE PC KM JJ ied 
‘Time/word (sec) (A) 0-20 0-20 0-17 011 0-14 pae 
X040041 = 0-004 x 0-004 + 0-006 x: 0-006 
Jump’ 
Time saved (C — J) 1-79 1:34 0-93 0-65 —0:19 0-94 
0-09 +0-09 +0-09 +0-10 +0-11 
Word-times saved 9-0 TI 55 5-9 qu 53 
(C — J)JA | T 
Times needed for jumping 1-21 1-46 1-62 1-00 2-29 per 
158A — (C — J) 7 
‘Hop’ 
Time saved (C — H) 0-91 0-27 —0-07 —0-05 —(0-28 0-01 
Ns E010 — 40-09 X010 0-10 0-10 
Word-times saved 1-0 l-4 0 ae 2 -01 
(€ — AYIA —04 -0:5 —20 
Time needed for hopping 0-81 “7 0-81 
5A — (C — H) ping 0-73 0-92 0-60 0-08 


All s : 5 , sors: 
means averaged over days 19-28 in mixed condition, Italic figures aro standard error? 


" 
9 " 
Table 2. Errors by subject and type of list 
Subject... LR CE PC KM JJ m 
LH É 
Time/word (sec) (A) 0-20 0-20 0:17 0-11 0914 B 
Type of List , 
MN 8 15 26 43 H 
öp E 6 57 $ 12 
E 11 2 : 
Jump 14 16 ae 25 ^ 
"Total 27 42 61 faa - m 
Totals are for q: i i 
error percentages = bs Eicher pisei. Each subject; received 18 lists of each Lai : i 
nit he gat 20 mc) ene era il of B40 Ts Hn 10O, 
ws that t © frequencies i i j 
| e in the right i 5 aati 
The overall y? shows no significant interaction Demon subi iia ae uer 
Ci yp of It 
f 
Errors. Table 2 sho i i 


T. 59 
subject LR to 28% for KM, Most of thes a entes in error rate, fom 2 5 
f issions. tert O bhe errors, especially in the later stag 
experiment, were omissions: trials w] irc cute: Acer E inter 
à : "here the tar Tt is inte 
cum i eps fewer errors Occur on lists codici a i7 ‘jump’ t 
ntrol lists, à jon O 
s x on 
Words remaining to be Searched aft, 5 particularly able to foeus his attenti dice 


er à ‘hop’ op <; ^e has inC^^ an 
t ashe P or ‘jump’, since the cue 8 
Pride 5s still to come, Table 2 also indasiin that the subjects W? d 
ndr hi : p ae from the cue words) make the most errors: nu i 
i esis. On day 29 1 ; or 
appeared on the list Y 79 subjects were asked whether certain W^. p p^ 


j c 
just scanned, None was able to distinguish words we 


"ONE Ba 
Redirecting the search process 367 


appeared from those which had not. Some reported that no words at all looked 
familiar, while the accuracy of those who did make positive responses was at the 
chance level. 


DISCUSSION 


It is evident that one can redirect a search process on the basis of cue words. 
However, such a change of direction takes substantial time to execute. In the 
Present situation, the time needed appears to be between 1 and 2 sec, Since every 
Subject was scanning at least five words/see (300 words/min), none could make any 
constructive use of the ‘hop’ eue, which would have enabled him to skip five words. 

he redirection would have cost more time than it saved. (One subject, who appar- 
ently used ‘hop’ nevertheless, was better off in lists where it did not occur.) On the 
other hand, four subjects made constructive use of the ‘Jump cue, which permitted 
* Saving of fifteen words. In the time saved by using this cue, they might have 
Scanned from five to nine additional words: the difference between these figures and 
fifteen leads to an estimate of 1-2 sec as the time needed to execute the jump. 

his figure is quite high when compared to ordinary disjunctive reaction times, 
Which are generally well below $ sec. The movement of the eye itself, as it saccades 
Over fifteen words (2k in.), accounts for only a small fraction ofa second (cf. Tinker, 
958), We have eye-movement photographs of some of our subjects. For technical 
easons, these photographs are hard to interpret, but they do indicate fixation rates 
of at least two per second; thus little time is needed to terminate one fixation and 
egin the next, What is taking so long? f 
n our Opinion, these data indicate that the response (the 15-line shift of ocular 
ation and of attention) is not under the direct control of the stimulus (the word as 
read). "ye movements in scanning and reading seem to have a pattern which is 
yontrolled by mechanisms of higher order than the immediately perceived stimulus. 
(1951) discusses such hierarchical control of serially ordered behaviour in a 
ian: 2 paper in which he adduces such examples as the finger-movements ofa 
lanist. too rapid to be controlled by individual sight-read notes, and syntactically 
s ntrolled Speech. Reaction to a cue word constitutes an interruption of an organized 
search Pattern ; time is required to bring that pattern to a halt and initiate a new one. 

B interpretation is confirmed by the finding that the cues take more time to use 
e Practice than before, and are used better by slow subjects than by fast ones. 
Qs tion cannot be manceuvred on a word-by-word basis. Time 1s required to change 
it "es Pattern, and the change is not worth while unless it Saves more time than 

S. 


ha, he data also indicate that the possibility of encountering a cue word did not 
no er norma] Scanning. Subjects could look for both names and cue words as 
T er as for names alone, in spite of the very different responses which were 
Laza, "gent on finding one or the other. This confirms the finding of Neisser, Novick & 
withe, (1963) that the number of things for which a subject searches can be increased 
a dis; Slowing the scan. The verification in this case is somewha 
for Mnetive response is involved (turn the response switch for a n 


trop ,, Umap?), However, there may be some trading 
"Yate, Our 


t surprising, since 
ame, skip 15 lines 


relation between Speed and 
subjects did make more errors in lists without cue words (in which, 


23-2 
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therefore. they had to be alert for cue words as well as targets throughout) than in 


á BOW. CE [dt 
lists in which the occurrence of a cue relieved them of the necessity of looking for 
any longer. 


The results of the recognition tests confirm the finding of Neisser & Beller (1965) 


: oh 
that subjects do not remember the words over which they have scanned. Althoug 


; ; puts nes 
the words are ‘read’ to the extent necessary to determine that they aren’t names; 
they are not ‘read’ so well that they can be rec 


ognized again. Scanning, and pre- 
sumably reading 


; : : : 23 -term 
; are processes in which the rate of input is controlled by a long-ter 
pattern spanning more than one fixation, and in which the 


analysis of the input 
may occur with varying degrees of depth. 
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THE EFFECTS OF REDUNDANCY AND FAMILIARITY ON 
TRANSLATING AND REPEATING BACK A FOREIGN 
AND A NATIVE LANGUAGE 


By ANNE M. TREISMAN 
Institute of Experimental Psychology. University of Oxford 


Tho experiment explored the effect of sequential constraints on two speech transmission 
tasks; (a) ‘shadowing’ or repeating back passages in a native and ina foreign language; (b) simul- 
taneous translation between a foreign and a native language. Three factors affecting perform- 
ance were revealed: (1) efficiency decreased in both tasks with increased information rate in 
the presentation of the passages; (2) the familiarity of the language affected subjects’ per- 
formance in shadowing; this effect was independent of sequential constraints; (3) translation 
Proved more difficult than shadowi g, but in this ease the decrement was greater the higher the 
information content of the passages. This suggested (i) that sequential constraints are important 
in facilitating both types of speech transmission; (ii) that they are learnt concurrently with voca- 
bulary in tho acquisition of a foreign language; (iii) that translating is more difficult than 
Shadowing not only because of decreased familiarity of either input or output, but also because 
of the increased decision load imposed by the more complex transformation between input and 
Output, The roles of grammatical and semantic constraints were separated by the use of 
Passages with words chosen at random but syntax conforming to normal rules. Performance 
With theso passages was intermediate between that with normal prose and that with random 
Words; tho grammatical constraints seemed relatively more important than constraints of 
Meaning in shadowing than in translating, in a native than in a foreign language, and in French 

han in English. Tho ear-voice span was measured for six subjects and was found to be greater 
for translating than for shadowing, but to be unaffected by the degree of sequential constraints, 


Sequential constraints between words affect the efficiency with which passages 
orying in redundancy can be repeated back or ‘shadowed’ (Moray & Taylor, 1958). 
ie Percentage of words correctly repeated varied with the logarithm of the order of 
appro mation to English. The mean information content of words in these Statistical 
cong, tions to English was estimated (Treisman, 1961), and further experiments 
Spec Ron that the rate of presentation of information was the crucial factor in 
` shadowing tasks. For instance, when the same passages were presented at 
win rates (100 words in 30 sec, 100 y zords in 40 sec and at rates which varied 
tepeated logarithm of the order of approximation) the percentages of words correctly 
against á 1n each condition all fitted the same linear regression line when plotted 
he rate of presentation of information (Treisman, 1961). 
in albe, happens when the speech transmission task is made more difficult or complex 
in i Ways? Two variations on the shadowing task are of interest: (a) shadowing 
of po; ai language rather than one’s native tongue, which reduces the familiarity 
br: Stimuli and responses; (b) simultaneous translation between one's native and 
gn language, which may make the relation between stimuli and responses 


Seem q plex, as well as reducing the familiarity of either stimuli Or responses, It 
Where likely that efficiency would be more markedly dependent on redundancy 


tion r e task involved a complex, arbitrary or relatively unpractised transforma- 
Was gi 9m stimuli to responses, as in the second case, than where the transformation 
This is s le but the stimuli and responses themselves were less familiar, as in the first 
Ugsested by the increased decision load between input and output requi d 

re 
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in translation: two selections need to be made, the first to identify the word re 
heard, and the second to select an appropriate response. The ciiin nee 
simpler if it is assumed, as is plausible, that a single central identification of rut 
unit serves for both reception and response, so that only one decision is required. "T 
There are some further points of interest to this problem. (i) Are gee : 
dependencies between words used in the same way in shadowing a foreign we a 
native language? A language might be learnt either as a set of word —— be 
a vocabulary acquired separately from the rules for combining its clements. n B^ 
second case one might expect the order of approximation to interact differently W 


E : 1 v si PON ween 
performance in a foreign and in a native language. (ii) Is there any difference bet 
translating to and from one’s native lan 


is easier than the latter. 


ated from any constraints of meaning or igi 
by using passages of 'syntactical roses ps 
om from a novel, but with the restriction PT 
cal form as the word in the same position j* 
m the same novel and serving to pile ms. 
ent was designed to investigate these prob à gn 
ure the lag between voice and ear in the differ in 
of Sequential constraint. The eye-voice um ts 
ary with the degree of approximation to English (Law 
1961); would the same hold for 


; the 
the ear-voice span, and would this be affected by 
differences between shadowing and translating? 


The opportunity was taken to meas 


Passages 
The Ist, 2nd, 4th 6th and 8th orde tatistical list onstructed p 
; ? t T Statis d ; "e 
Moray & Taylor (1958) were us ical approximations to Englis 


T 3 so from 
children’s story and 8 pas ed, together with a passage of simple English pro: vel 


^g nO 
: Sage of ‘syntactical prose’ c sch rom Conrad'8 
Lord Jim. Part of this read ag follows: Prose’ modelled on an extract fro 


METHOD 


Each passage was 100 words long. Esti 
obtained from the fre 


or 
| typescripts in which every tenth poe " D 
ities and log,l/p was used as eee ól p 
er and syntacti a the probabilities ^^. | t 
never correct] ical passages, the p: 


d jes J^ n 
r frequentie” , gj 
taken from their q Treis! ion 


0 
ere © {0 
: ch a actical French W at 
structed in the same way as the English pass; "s Passage of ayntaction i 


was ge 
n content of these French pasok ae we 
ailable. In the experiment these Lea that 
orresponding English passages, excep 


ee 
SS. SA 
eS. 
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Prose passage was assigned an information content of 2-6 bits/word, the value found for an 
English extract from Conrad's Lord Jim, rather than the low value of 1-1 bits found for the 
Simple *children's English’ prose passage. The results were found to be consistent with this 


assumption, as appears below. 


Table 1. Mean information content of English passages and rate of presentation of 
information in shadowing and translating tasks 
Syntae- 
tical 
prose 


Sth 6th 4th 2nd lst 


M Prose order order order order order 
Mean information 


eames T 33 3-6 3-9 48 9-2 9-4 
Information rate for 
shadowing tasks 


(bits/sec) 2:75 8-25 9-00 9-75 12-00 23-00 23-50 
Information rato for 

translating task Š 

(bits/sec) 1-84 5:51 6-01 6-51 8-02 15:36 15:70 


, The Passages were recorded by a bilingual, female speaker on a ‘Brenell ` tape-recorder, at two 

“erent, Speeds (100 words in “40 sec and 100 words in 60 sec), and in two different orders 
iyntaetia] prose, Ist, 2nd, 4th, 6th, 8th order and prose passage, and the reverse of this). The 
Slower Speed was used for the translation task and the faster for shadowing. This difference 
Scemed advisable, since pilot experiments showed that at the slow speed subjects made few or 
NO errors in shadowing, while at the fast speed they correctly translated only a small proportion 
of Words. When tho Taber of omissions is very high, the effects of context might decrease 
Simply because the subjects receive less of it. However, this difference in speeds meant, of course, 
that the absolute rate of presentation of information in bits/sec changed less rapidly over the 


Tan, ; 
E° of passages used for translation. 


Subjects 

j : Engli zers with a 

j ivi i f ten subjects each: (1) English speakers wit 
"e An ieee were divided into three e with a pea knowledge of English; (3) Bilinguals. 
re all undergraduates studying French at Oxford 
unfortunately more heterogeneous: three French people 
h girls spending some months in England to perfeet their 
i s marri i j iversity, and one 

pats F 7 arried English members of the University, and 
X "es i gy w aum in Tiga for a year. The bilingual group consisted 
ie bo hea kern ieee e for one language over the other; nine were under- 


ely of people who had no preferenc under. 
ir li i and one was a French woman who ha 
lived gos who had spent part of their lives m. France 


9" many years in England. 


Py 
a cedure 


at both shadowing and translating in both languages 
sonably fluently and had ceased bà eg gi gerat 
bro A ; en given the test passages, ha. the su jec s in 
& e Onder qr, Sota € m E Mu occu ed arene recorded. The wi oneri in Which the 
RS ur asks—shadow En lish, shadow French, translate English, translate 1 pee dieu ^ ger 
das also varied from ec DIE to subject. The experiment took about 2hr, : hr p ro of two 
roe S. The responses of um pf the subjects and the stimulus tape as it was played to them were 
n ed Simultaneously on a second two-channel tape-recorder,.and the ear-voice lag was 
v Sure by sampli s tape every 5 sec and noting the last word spoken on each channel. 
Ortun, png P is only towards the end of the experiment, so that results 
rg availabe, a ae be e à tuns of whom were bilinguals and three of whom were 
tench, le only for the last six subjects, 


T j . H 
m Subjects were given practice trials 
impro, °Y appeared to be performing rea 
o; 
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RESULTS P 

The recordings of subjects’ responses were analysed and the percentages ak n. » 
rectly shadowed or translated was noted. An analysis of variance was 

"e d out, both for the whole group of subjects which allowed the variance due to 

Pen dug to be estimated, and also separately for each group of subjects, in 
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in Figs, 1, 2 and 3. All the regression coefficients were statistically significant and 
there were no significant departures from linearity. (P < 0-001 was taken as an 
acceptable level of significance, since there was some inhomogeneity of variance in 
the untransformed scores.) 
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Fig, 2. Wffeot of information rate on percentage of correct responses in shadowing and translating 
for French speaking subjects with a good knowledge of English (n— 10). 


All the main factors in the analysis of variance were significant. Efficiency 
“reases in both tasks as the information rate increases (F = 510-0; D.F, 5,145; 
"s 0-001), Translating is more difficult than shadowing, even at the slower pre- 
le ne rate used (F = 2121-5; D.F. 1,145; P < 0-001). The bilingual group did 
n > followed by the English group, with the French group last (F = 550-4; D.T. 2, 145; 
big 001). The language of the input passage had a significant effect on the English 
bili french groups (F = 35:5 and 270-5; D.F. 1,45; P < 0:001) but not on the 
guals, confirming their equal skill in the two languages. 

tig Srhaps the most interesting result is the interaction between order of approxima- 

and task (F = 11-7; D.F. 5,145; P < 0-001). In each group the regression of 


e 
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correct responses on information rate is steeper for translating than for shadowing; 
for the bilinguals and the English groups, the regression coefficient is more than 
doubled. This contrasts markedly with the two Shadowing tasks: increasing the 
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tion tasks i 
ion tasks, both groups doing better when translating from French into English than 
iz ó 


iarri This was a somewhat unexpected result, in view of the widely held belief 
eet ME is easier into than from one's native language. This was true for the 
T glish subjects, but the French subjects showed the opposite effect. The differences 
isappeared with the Ist order passages which were translated by both groups equall 
well or badly in both directions. — à 
at results obtained with the passages of syntactical prose are shown in the graphs. 
" correct response rates obtained with the syntactical passages lie about half-way 
etween those with the normal prose and those with the Ist order passage rather 
closer to the 1st order for the translating task (a mean increase of 16% compared 
bur a decrease of 25% from the normal prose). If they are related to the curves 
or the statistical approximations, the information load they present in the two tasks 
can be read on the abscissa. These values are given in Table 2. The overall mean 
m» from these figures of the effective information conveyed in these tasks is 
"7 bits/word for the English passages and 5:8 for the French. The estimate from 


Table 2. Interpolated values for information content of syntactical passages in 
different tasks and languages 


Translate English Translate French 


Shadow English Shadow French 
d à mama gpI 
Subjeets Bits/see Bits/word Bits/sec Bits/word Bits/sec Bits/word Bits/see Bits/word 


english 12-0 4-8 15-2 61 12:0 72 10-0 6-0 

nee 174 7-0 9:8 39 13-0 T8 15-4 9-2 

inguals 16-3 65 11-0 4-4 11-0 6-6 88 53 

Means 15-2 61 12-0 48 12:0 T2 114 6:8 
and translating 


Table 3. Ear-voice span in shadowing 


Shadow 

s English French English French Mean 

agg prose 2-6 33 à 4 as 2 
er 3-2 4-1 : T " 
Sie order 2:8 33 46 39 44 
h order 2.9 2-5 55 49 4-0 
m 35 28 51 4-1 3.9 
i To 2 — 
an span (words) 3-0 32 51 43 

12 13 31 26 = 


Iean Span (sec) 
e Thorndike-Lorge frequencies Was considerably higher— 
i n the syntactical 


both shadowing 
content of syn- 


Subjecte 
ioan guesses and th 
Bis its/word. However, i 
ages i i 
ges is less helpful in ise the effective information 


an à 
i translating in a fore!£n prie 
tical passages as compared with the subjects native tongue. — 
—voice spans in the different conditions are given in 


> mean g or ear 

© 3. The em e words divided by the number of words presented per second 

E8 t; 

"€ © span in seconds 
ysis of variance showet 


Taby 
giy 
i no significant effect of order of approximation, but 
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S OI ta guage of passage: ivi guag jects (Fr h or 

the effect f task lang g Ssages and nati ve langua e of subje t: ( “renc. 
En : ES f ias i " 

bi ingual) were all significant. There were also significant interactions between order 


jie. shorter Ghat 
though there is no difference in shadowing. The span for shadowing is shorter S 
the eye-voice span reported for reading by Lawson (1961), which tangid -— 
3-5 and 4-6 words, but similar to that reported by Chistovich, Aliakrinskii & Abul'it 


of eight subjects. Their other three 
subjects showed extremely small delays of about 200 msec, 


Discusstoy 


The experiment has differentiated three factors 


: : an 
affecting the difficulty of T 
auditory—verbal speech transmission task. The first is the familiarity of the languag 


s : sse in & 

ce in shadowing a passage : at 

: č ? 

- With the foreign language there was a cons : : 
; snot 

rrect responses. This was no 


in 5 : rd in 
; SInce the bilingual group gave identical results 


the two languages, 
Secondly, performa: c : 
sented : th sages with high information content and low redundancy 


: 5 5 " jon 
with low information, and the relat 


: ming the 
correct responses appeared to be linear (confirming 


results of previous experiments) 


uas 
i i ion 4 'espons one lang 
given their translation in the of responses in 


is the 
to approach unity. "e i 
een the intercepts on the ordina tio 
nd for translating in cither aped 
he bilingual mcrae” 
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zero bits/sec for shadowing a 
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The average effects discussed above conceal some differences between the sets of 
passages and the groups of subjects. The French passages, with the exception of the 
Ist-order approximation, were consistently better translated than the English ones, 
by all three groups. This may be due to the structure of the language: there are more 
aints in the form of agreement between adjectives and nouns, 
in French than in English, so that passages with sequential 
constraints would be easier to receive and more difficult to generate in French than 
in English. The French group of subjects shadowed the high information passages 
less well than the other two groups, perhaps because they were a more heterogeneous 
group, whose average level of verbal fluency was probably below that of the under- 


graduates in the other two groups. 
More surprising was the fact that their resu 
to those of the English group, so that they found it easier to translate from their 


native to a foreign language than the reverse. One possible explanation is that they 
were living in England and much of their recent practice would have been of this 
sort, using English words to translate French ideas or expressions. Lambert, Havelka 
& Gardner (1959) report a similar finding: twenty of their forty-three subjects were 
faster at translating from their best reading language. They explain this by suggest- 
ing that some were ‘passive’ and some ‘active’ learners, but add that several of these 
twenty people were French natives at an English university, so that again the type 
of practice was probably asymmetrical. Further experiments, for instance on F rench 
and English groups living in France, would be needed to decide whether the higher 
efficiency of translation from French into English is inherent In the structure of the 
languages or simply an artifact of the selection of subjects. Ibis cee E bs 
difference disappears for the Ist-order passage: where translation has x * ie ; ‘or 
word and there is no sequential redundancy, it makes no difference W "i a direction 
it takes, 'The difference between the two languages here is related to wor oet e 

The presence of purely grammatical constraints and the absence of any oe prr 
9f meaning determine the results with the syntactical passages. The gra: Pin 
constraints provide assistance to subjects in shadowing and translating ri oe pee 
to the 1st-order passage. This parallels the findings of Marks & ipw ( denn 
a memory task, and of Miller & Isard (1963) for speech aaa S e h A se alivebs 
unmasked. Subjects are able to use their knowledge of grammatica : u len pone 
Performance on speech tasks, although the grammatical framew E s t 
any significant effect on the probability of the particular wor cs ie ^ ew 
experiment which provided the estimates of word M e : d ae 
at some stage between input and output, subjects must ain 2d "C this will increase 
Work in units other than words, even in the shadowing task, và of i articular words, 
their efficiency only when combined with korr pin mela word must be 
and not when the verbal context Ati > iir e a the pant of any usual con- 
Suessed by the subject himself. On the other kan ih n the grammatical consider- 
Straints of meaning or familiar usage at levels other than t 


ri ‘mal prose, and even 
ably decreases the efficiency of performance as compared to norma! T 3 


to t] is peas 
he statistical approximations. . . . . " " 
There is some ji d that shadowing syntactical prose In a foreign language 


raises the ‘effective information content? compared to shadowing it in a native 


grammatical constr: 
verbs and nouns, etc., 


Its on the translation task were identical 
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DISCOVERY AND USE OF LOGICAL SYMBOLS* 


By HANS G. FURTH axp JAMES YOUNISS 
Center for Research in Thinking and Language, 
The Catholic University of America 


Two non-verbal tasks of logical symbol use (SU) and of symbol discovery (SD) were devised, 
SU differentiated adults of higher and lower intelligence. Most pupilsof chronological age (CA) 12 
and older, but not younger, discovered the significance of the logical symbols in learning the 
paired associate task of SD. SD and SU were given to deaf subjects and to hearing subjects 
from arural, lower-class milieu. These experimental subjects (CA around 18) performed similarly 
to controls on SU, but did not attain the success of 12-year-old controls on SD. On the basis of 
these results it is proposed that stimulating past experience may be required for success on 
certain conceptual tasks which are of the discov type and depend on the Initiative of the 
Subject, but that more structured tasks of logical reasoning are not adversely affected by 
restricted experience or linguistic deficiency. 


Psychological investigators have been concerned with the growth of logical 
thinking as it is influenced by variables which to a certain degree control its develop- 
mental manifestation. Some writers have stressed the role of language in providing 
the Srowing child with the logical categories of the environment (Brown, 1958; 

uria & Yudovich, 1959; Staats & Staats, 1963); others have emphasized the role of 
early experience and of informal or formal training (Casler, 1961: Fowler, 1962: 
unt, 1961). In this connexion an investigation of deaf subjects’ logical operations 
Could clarify our understanding of the contribution of language in so far as the deaf 
™ general are seriously deficient in linguistic skill and minimally exposed to the 
ordinary linguistic environment, at least during the early years of childhood. 
Anguage in this article refers to the living verbal language within a given society. 
recent review of research with the deaf (Furth, 1964a@) cited some studies of 
complex learning in which deaf performed comparably to hearing subjects. Such 
ndings would seem to call into question a close connexion between intellective and 
guistic skills, As to the retardation observed with deaf children on a number of 
non-verbal learning tasks, Furth suggested that restricted experience may be a more 
Potent factor than lack of language in intellective deficit and pointed out that deaf 
Pupils are commonly restricted in environmental stimulation, quite apart from 
Mguage, 
las “stricted experience is a term not easily defined. It is taken here in the sense of 
typi of informal exposure to a stimulating environment as it is afforded within 4 
S ian educated family. In this sense quim ct dms P 

i Y 3 ^ E PSs a TOI 
tenth een cit dum OB S VE e ilicis 
tou han children selected from m i i 1 1 i sequently three 

PS of subjects were employed in the present investigation: the deaf, as 


deprived socia] 


subjects 
* > 
Aq, his study was supported in part by research grant RD 1484 from the V 
Co-op ‘tration, U.S. Department of Health, Education and Welfare, The 
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nS and the Board of Education, Prince George's County, Md. 
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ae FS ssiblv also restricted in 
not exposed to the rane mcrae ee : = meal eae 
ues ; socially lower-clas a : y 
paree oe ie and controls who came predominantly from a more educated 
My oin eae ee which required acquisition and utilization of ipte 
sud vind lie by means of visual symbols. These symbols were similar 2 S 
erpi symbolic logic. The tasks were non-verbal in the sense that rey 
= responses involved no connected language, and instructions were i ee 
that one had reasonable assurance that deaf subjects were not penalized 5) 
inguistic deficiency. 'of 
n mdi s ud (SU) required comprehension of the logical guias id 
affirmation, negation, conjunction and exclusive disjunction in different Sy n m 
expressions, and application of these symbolic expressions to various shes seb 
instances. The exclusive, rather than the inclusive, disjunction was employed bec p^ 
it lent itself more readily to à behavioural diserimination from a ME E 
subject's task was to indicate whether or not a given symbolic expression an ees 
objective instance matched. It was thought that such a task would be suitable ful 
adults and be related to a subject’s intellectual ability. Furthermore, ae 
performance was expected to be dependent not only on the logical complexity of 5 p 
symbolized expression but also on the objective context to which these logic 
expressions had to be applied. a dig" 
The symbol discovery task (SD) was devised for a younger age-group and, in E 
tinction from symbol use, was a concept attainment or discovery task. Younis? l 
Furth (1964) have found this task to differentiate between pupils 12-14 years pam 
and pupils 9-11 years old. The present investigation reports the previous t n 
in part and adds the results on this task for deaf subjects as well as for hear! 
subjects of lower socio-economic class. the 
It has been possible therefore to examine, and to compare with control data, dn 
performance of linguistically deficient subjects (deaf subjects and lower-class hear! "e 
subjects) on two kinds of. logical tasks: a task of discovery and a task of applica" 
or utilization of logical rules, ý 
Subjects METHOD 4 
The older group of deaf subjects ine " á ; s 
tho dent ne 139 fan G a ll forty senior boys 
task; for the symbol use task twenty subjects were selected from t 
of two lists which divided the seniors into those above and tho 
school achievement. The term ‘senior’ refers here to deaf pupils 
above, and not to grade placem: 


ent. The twent 
were among the group of forty deaf sub 


Transfer effects can be ruled out, not 
requirements of the two tasks, 
ìn symbol discovery. The youn; 


and girls at a state schoo ry 
re given the symbol a f 
his group alternately ÞY ing S 
se below average accor a and 
in the age-range 16 eae "i 
c y deaf seniors who were given the symbol kr uel 
jects who had had symbol d: 


iscovery some time pre" A niu 
only beeause of the time-interval and the difforenc? nb 
d oe because the deaf failed to learn the 5 ho? 
r group of deaf subje ine i o Sam e 
aged 12-14 years (n = 27). All deat sce ee puri = em s pom ve a 
which effectively hindered their learning language Nationally. inta arly childhood: NP 
the deaf had linguistic competence in the sense of bein wide vs » um rehensi? ' 
a written language at the level of ordinary eoteko P 
" i ca lower-class Subjects were forty-nine pupils (mean CA 
in a rural area. For the symbol use task ten Subje 


p? 


0 
e 

ü "S d 
= 11-4 yr) from One Pow 
cts above and ten subjects 
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mean on the Lorge-Thorndike verbal scale were sampled from two class-rooms while for the 
symbol discovery task the remaining twenty-nine subjects from these classes were used. The 
younger lower-class subjects were fifty-six pupils (mean CA = 13 yr). The great majority of 
all these subjects came from homes where the father was an agricultural or unskilled labourer 
and the number of professionals or persons with college education among the parents was 
negligible. 

The hearing control group for the symbol use task was made up of twenty-six male naval 
recruits (mean CA = 18:5 yr; range 17-21 yr). The high IQ group scored above average on the 
General Classification Test (range 49-65), and an equal number of subjeets in the low IQ group 
Scored below the average (range 28-46). The control subjects for the symbol discovery task were 
309 pupils from four grades (age range 9-14 yr) of a parochial school where a majority of parents 
had had a college education or were professionals. 


Procedure 


Symbol use (SU). This task, consisting of six subtasks I-VI, was given individually and each 
trial was corrected. Two sets of cards were prepared. one set of symbol cards, the other of 
Instance cards. On each trial one symbol card was presented together with one instance card 
and a subject had to give an affirmative (‘yes’) or negative (‘no’) response. 

The symbolized expression on the symbol card (c.g., B-R) can be thought of as a logical pro- 
Position (e.g. ‘There is both the colour Blue and the absence of the colour Red) or as a statement 
of a Seneralized class (c.g. ‘The class of "Blue and Not-Red”’’). A subject’s response can be 
translated into a judgement of truth or falsehood concerning the logical proposition or 
the correctness of an instance within the logical class. As an example, a subject’s behaviour 
Could indicate the following: ‘In relation to the objective event of Red and Blue, it is false 
to State logically the presence of Blue and the absence of Red’, or, put differently: ‘This par- 
ticular objective event is not a possible instance of the symbolized class of “Blue and Not- 
Red», Essentially then, a symbol card represented a logical expression—a mental construct 
which the subject, had to comprehend—and an instance card presented an objective situation; 
object. had to make a judgement of appropriateness in relating a conceptual and an objective 

"ent, 

It should be noted that in symbolic logie the affirmative symbol (c.g. R) is here taken as 
is ": i (Re): “It is the case that there is an v and v is red.’ Similarly, the negated symbol (e.g. R) 

Onsistently interpreted as denial of the affirmation, thus ~ (Ax): (Rx): ‘It is not the ease that 
tere is an a and x is red’, and not as the affirmation of a class other than the negated one, 
(2): (~ Ræ): ‘It is the case that there is an v and x is not red.’ Consequently the instance of 
— is a confirmation of R, not because of the presence of green but rather because of the 
d of red in the instance. From this follows an apparent asymmetry when a unary (single 
Ns Symbol is matched against a binary (double component) instance card. In such a 
es lon it is assumed (a) that the affinnation ofa class (e.g. ‘R’) is instant iated when either 
(s ponent instantiates that class (c.g. ‘Blue and Red b but (b) that the negation of a class 
Yel, £ ) is instantiated only when neither component instantiates that class (e.g. * Blue and 
dt ee ). Thus the instance card, ‘Red and Blue’, would count as an instantiation of ‘R’, but 

"ld not count as an instantiation of ‘R’. 

s rss me here was in the comprehension and application and not in the discovery of 
Symb ee subjects were told onn by 7 os —— See ae aq 

Rea te ich were drawn on 3 in. x 5 in. white cards. hero à ir asio s igns or ue", 
or su ircle* and ‘Triangle’ and they were illustrated by a lin. square peneilled-in w ith blue 

» or the black outline of a circle or a triangle, respectively. Thus it was easy to indicate, 
Staple le that the blue square stood for ‘Blue’. In a pilot study the letter Np was initially 
deaf a Aa to symbolize Blue, but this caused some unnecessary verbalization, particularly with 
the en Jects who considered the task to be one of vocabulary. However, the letters represent 

T a Signs in this report. . "ES 
ang ew cards were used for tasks I and II of the kind: B; R; B; R; B-R; B/R. The dot 
ence "e Were inked black. It was pointed out that the line on B meant ‘Not’ ( 
the sli nat B stood for ‘Not Blue’, that the dot between BR meant ‘And’ ( 
bje nted line meant ‘Or, one or the other but not both’ (exclusive disjun 
ct had rehearsed these instructions no furtheri nstructions or verbalizatio 


negation) and 
conjunction) and 
ction). After the 
ns were permitted 
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l task I began. Six colour instances were laid out on a table in front of the wp all pes 
Kee were made of construction paper, pasted on 3in. x 5 in, cards and showed: 
Bids Red and Blue; Red; Blue and Yellow; Green and Red. The m l with Yos! 
now placed above the first instance (Blue) and the subject was required to een d 
w No A wrong response was corrected, and a correct response was reinforced Dy pneum sisstli 
2 followed by matching symbol B with the second instance (Black) and so fort h i : cee (B) 
instance. For trials 7-12 the second symbol card (R) was used, for trials 13-18 t he 


inst i nce 
and so on, until on the 36th and last trial of task I the symbol (B/R) was matched against instar 
(Green and Red). 


Task II followed immediately after task I. The ov den oe 
cedure, each instance now being matched in turn against all the Symbol cards. The Rd TE 
first laid out the previous Six symbol cards and Presented one instance card at a time SEIS 
each of the six symbols. For trials 1-6 Blue was matched against the six symbol cards, for tri 
7-12 Black, and so on. 

Task IIT as a criterion task employe 
introduced no new logical Operations. Instead of colour, the new eye 
geometrical figures: Circle; Rectangle; Triangle and Circle; Triangle; Circle and Cre ^" m) 
Square and Triangle. The Symbols showed a circle (C) instead of the former (2), and Triang bolic 
instead of (B). In this task a subject was given three trials on each of the following six sym 


and situational operations: (1) negation (e.g, (j matched with Circle and Crescent; ogres 
response: ‘No’); (2) conjunction (e.g., C-T matched with Circle and Crescent ; correct respon 
‘No’); (3) affirmation under objective iti 

minimum, hence related to logical si 
correct response: “Yes’); and finall 
different Objective conditions. These disj i 
C/T was matched with one ele 


first symbol card (B) was 


1 i "QT: Dro- 
same materia] was used with reversal of p 


s " but 
d new Instances and correspondingly new symbols, 


: e 
isjunetion (e.g., CIT) m nee 
S Were: (4) ‘simple’ disjunction, iva 
- Circle; Correct response: “Yes’); (5) u— 

C/T was matched with ane 
‘addition’, when C/T was mate se: 
*&- Circle and Crescent; correct Heap 
be seen to be Telated to logical addition. Theso six Gpurations" ant 
out in task III as possibly relev? 
and application of logical symbols. one 
s and Corresponding Operations: conjunction s 
E ; negation of a wore 
irisada de à EDS. FS nc : 
Presented in a manner similar to tasks T a; Risa "e bak oed pe 
out and each symbol card the ix eni while for tanl i 
the six symbols were laid » One at a, time, was matched against each Sys. 
? logica] Operations of tasks ry. and V, but instar 
m form to colour, 


ing with 
alternativo forms, either IT i 
> OF starting with form and shifting to colo ive 
m on task VI, ects received the alternats 
5 i 
Ons were spoken and S!£ 


ch Presentation of co], 
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C-D, CID, and C-D. Sample cards indicated to the subjects that C stood for ‘Circular form’, 
and D for ‘Dark colour’. There were eighteen uncorrected trials, during which the following 
stimuli were presented: five cards with dark purple circular figures (correct response: SCR ty. 
five with light yellow angular figures (correct response: 'C-D"); and four with purple angular 
ànd four with yellow circular figures (correct response: *C/D^). 


Resvurs 
Symbol use 


It was observed that the alternate orders of beginning with Colour or Form had 
no appreciable effect on subsequent performance; consequently all reported data 
Collapse this variable. Mean errors for each logical operation for task III. and for 
tasks IV, V and VI combined, are presented in Table 1. While for task III these 
Measures were based on three trials each, for tasks IV-VI they were based on 15 or 
21 trials, but they have been prorated to three trials to make comparison easier. 
For each operation the differenees between high and low IQ controls were in the 
expected direction. The last column of Table 1 shows mean total errors for each 
Subject over all operations. A comparison between high and low IQ controls on these 
total scores gavet = 2-86 (D.F. = 24, P < 0-01) for task III and t = 2.30 (D.F. = 94, 

* 0-05) for tasks IV-VI combined. 


Table 1. Mean errors of control, deaf and lower-class subjects for each 
logical operation 


Task II 


Disjunction 
Con- Simpli- =" 
Group Negation junction fication Simple Exclusive Addition Total 
Control 
High TQ 0-23 0-19 0-54 0-31 1-31 0-69 3-27 
Low IQ 0-69 1-02 0-62 0-88 1-69 1-46 6-36 
Combined 0-46 0-60 0-58 0-59 1:50 1-08 481 
2t 0-25 0-55 0-35 0-40 1-80 0-85 4-90 
Lowor-class 0-40 0-75 0-55 0-45 1-70 0-80 4-65 
Tasks IV, V and VI combined 
Conjunction with Negated 
Dis- f One Two Con- Dis- 
G Group junction Negation Negations junction junction Total 
Ontro] 
High IQ 088 0-50 0-42 1-06 1-41 3-91 
a IQ 1-10 0-76 0-91 1-22 1-28 597 
ombineq 0-81 0-63 0-67 1-14 1-35 4-60 
Len 0-78 0-57 0-51 1-15 1-22 4-20 
Wer-class 0-92 0-56 0-69 1-28 1-19 4-64 


he error Scores of the combined control group for each of the various logical 
rations of task ITI were then analysed. A rank order test for related samples was 
in gums the error range for each single operation was small (0-3). The three di 
Clive Operati : m zi x á s ‘ S- 
Perations in general were harder than the non-disjunctive operations 
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(Wilcoxon T = 38-5, P < 0-01): moreover, within the disjunction the difficulty 
varied from simple disjunction and addition to exclusive disjunction (Friedman 
X? = 12-08, P < 0-01). The latter yielded a score comparable to chance performance. 
For tasks IV-VI the negated operations were harder than affirmative operations 
which contained one or two negated components (Wilcoxon T = 20-5, P < 0-01). 
As can be seen in Table 1, deaf seniors performed similarly to the 
group on the average, with their mean errors falling 
between the high and low IQ controls. The mean performance of the lower-class 
subjects also closely approximated the results of the control group in single and total 


error scores. No differences of total mean error scores between deaf, lower-class, and 
controls approached significance, 


combined control 
in the majority of instances 


Table 2. Mean error and number of successful subjects in the Attainment Task (A) 


and the Transfer Task (T) of symbol discovery 


All 
sub- Errors in Attainment* Suce. Errors in Transfor* SUE 
jects = A P " r 
Group n Conj. Neg. Disj. Total n Conj. Neg. Disj. Total n 
Control 
Q^ -llyr 169 $93 598 gp iso 74 208 263 511 982 $ 
CA 12-14yr — 140 2-97 568 5-88 1453 660 — 0997 076 2-16 389 £ 
Deaf 


CA12-14yr 2 444 6:59 6:59 ine i 

f a S 3-9 4° 1-00 
CA 16-20yr — 40 350 430 gis jao É 80 330 490 1 
Lower-class 


0 — 250 450 950 ^? 
CA 13 yr 5-06 £ A 
CA 17 yr i82 vn ! 

* Note that mean errors for n 
transfer on 8 trials for disjunctio, 
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To compare performance in the attainment task as a function of concept, the error 
Scores of all successful controls (n = 140) were analysed by the Friedman test. The 
resulting y? = 32-3 (D.F. 2; P < 0-001) indicated that error scores varied with 
concept; conjunction was easier than the other two concepts. 


y DISCUSSION 
Symbol use 


The data of the control group indicate that symbol use successfully differentiated 
Subjects of higher and lower intelligence. The relative difficulty of exclusive dis- 
junction compared with other operations has been reported before for tasks of discovery 
(Neisser & Weene, 1962) and is here contirmed in a transfer situation. 

Further, performance with the same logical concept differed according to the 
instances with which the symbol had to be matched. This is clearly illustrated in the 
case of the three kinds of disjunctive operations of task III. While ‘simple’ dis- 
Junction required the matching of one positive component, ‘addition’ implied the 
Presence of a second, irrelevant component. Finally ‘exclusive’ disjunction instanti- 
ated two relevant components so that the correct negative response had to be 
controlled by attending to the exclusive aspect of the disjunction. 

: Moreover, in accordance with the hypothesized interaction of concept and instance 
1t is noted that a negated class or operation was more difficult to handle than an 
affirmative class which contained a negation. This may perhaps be attributed to the 
€ that a negated conjunction (e.g. R= B) was exemplified by an instance (e.g. 
ved and Yellow) which to the perceiver directly signified the conjunction of a negated 
and an affirmed component (R> B) and only indirectly the negation of the con- 
Junction of Red and Blue. In this connexion it is interesting also that syntactically 
‘Ne definition of the negated conjunction (‘Not both Red and Blue’) is more complex 

An an affirmative conjunction in which at least one component is negated (‘Red 
and not Blue’) 


Symbol discovery 


ao attainment task consisted of six different stimuli with which three different 
i as had to be paired. Both older and younger controls succeeded equally well 
^e attainment task, but only the older controls performed better than chance in 

e transfer task, Apparently the twelve- to fourteen-year-old subjects, but not the 
a to eleven-year-old subjects, learned the specific relevance of the logical symbols 
iting the attainment task and subsequently used them in the transfer task. This 
erence was previously related to the emergence of logical thinking after age twelve 
Ouniss & Furth, 1964). The older subjects were distinguished from the younger 
ubjects by being apparently more ready to learn specific logical symbols during the 


tainment task, even though this task as such could be successfully mastered merely 
Y rote learning. 


er " 
‘formance of the deaf and lower-class subjects 


m. Symbol use, which has been shown to be related to intelligence, the performance 
s © deaf seniors was in close agreement with the normative scores. These findings 
Phort a previous study (Furth, 19645) in which deaf adults were observed 45 
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perform as well as hearing controls in classification tasks involving — 
and disjunctions. It seems to follow that the development of logical — 
cannot be critically dependent on the Presence of language simte deaf sulbyects w ad 
were severely deficient im language saececdied on Casse Nw. logheall tadis as welll as 
QA easing, det Sa kat had the beneit of Sonstan exposure to lan guage from 
early didhood. 

It cannot be claimed that the deaf sample in this experiment consisted of unusually 
gifted deaf persons since the state school does not pursue 
sion and, further, care was taken to include better 
numbers. 


a policy of selective ai 
and poorer students in equa 


These results contrast with the performance of these same deaf subjects in symbol 
discovery. It was unexpected that the twelve- to fourtecn-year-old deaf subjects 
would not succeed in the transfer task of symbol discovery and it was still jest 
surprising that deaf seniors also failed. Neither the younger nor the older deat 
subjects demonstrated that they had learned the significance of the logical symbols 
during the attainment task of symbol discovery since they performed close L^ A 
chance level in the transfer task, as did the control students of GA 9-11 yr. T his 
marked discrepancy in performance between two tasks that presented similar con^ 


; : he 

between discovery which depended on f d 
Sub s : ise an 
zation in which Instructions were more precise al 


s ster 

bol discovery because they could not m 
‘ "orkit 

Y were as capable of working 


H zhi h 
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( i (Oléron, 1953; Oléron & Herr É 
1961) and restricted ( " in their reasoning. Oléron (personal CO?" 


Where more initiative is required dee 
linguistic deficiency, Furth (1964 4), on ec eg = mii py dens 
experience of the deaf and regarded language as contributing 
In an indirect ma; in so far as language may increase g: 
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ent, Furth & Milgram (1965) and Hay 
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deaf; that is, in symbol use they were as eood as the controle s e Nose NN cse ses 
they failed. as Qi the YOURE Contuse W seems reasomalblle iento SUSIE tenta- 
Nidy Ansa. Younis. Whe WeswewNeR environment of the deaf and of the lower-class 
V Subjects, in contrast to the more stimulating milieu of the controls, interfered with 
€ spontaneous deployment of logical thinking in the discovery task. while it did not 
obviate mature utilization of logical symbols. On the other hand, the absence of a 
linguistic home environment or of actual linguistic competence in the deaf did not 
affect negatively structured logical reasoning nor did its presence in the lower-class 
Subjects make much difference in the case of discovery. mE "- 

It may be that those subjects who went bevond rote learning in the acquisition 
of symbol diseovery had the advantage of some internal set which facilitated spon- 
taneous discovery of the relation between the response-symbols and the stimulus- 

1 instances, Psychologists and educators concerned with intellectual development 
agree on the importance of the discovery aspect of learning (Bruner, 1961) and 
associate discovery with factors which have been conceptualized as exploratory 
drive, curiosity motivation, or creative attitude (Berlyne, 1963). In so far as 
environmental and cultural factors have been shown to influence the manifestation 

of intelligent behaviour (Fraser, 1959; Tanner & Inhelder, 1957) and in the light of 
Present findings, it is suggested that these aspects of intelligence are rather directly 
pendent on stimulation and on modification through specific past experiences, 

In contrast, it is intriguing to consider the relative independence from effects of 

a icu of the more structured aspects of intelligent behaviour illustrated in symbol 

Use, 


Possibly any modicum of normal experience impresses certain conclusions 
Upon the 


observed, 

Sense th 

Not dep 
"TY. + 


adult so that mature forms of logical reasoning are almost universally 
regardless of culture or formal training (Goodnow, 1962). 
at one can suggest that intelligence deve 


endent upon a particularly stimulati 
hs pr 


Seem tol 


It is in this 
lops with living experience and is 
1g or a linguistic environment 
Oposition of the relative independence of language and thinking does not 
e compatible with theoretical views that attribute to conventional language 
* uniquely important role, whether in normal development or in the education of 

eaf children (Lewis, 1963). Furth (1966) has enlarged on this position in its historical 
and theoretical context and suggests that, Piaget's developmental view is consonant 
With the observed performance of linguistically deficient deaf subjects. 
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THE RELATION BETWEEN ASSOCIATION NORMS 
AND WORD FREQUENCY 


By W. A. MATTHEWS* 
Department of Psychology, Hull University 


Words of varied frequeney were presented to groups of fifty subjects for a 2 min continued- 
association period. The mean number of associations (m values) given to the stimuli in different 
frequency categories failed to replicate a finding by Noble (1952a) whose data shows a positive 
relation between word frequency and m values. A possible mechanism is suggested by which 
these findings might be obtained and supporting analyses are presented. 

Noble (1952 4) reported an investigation in which he gø 


gave 96 disyllables to a group 
of 119 U.S. Air Force recruits. Each subject had to associate to each stimulus for a 


period of 1 min. The acceptable associations were those directly derived from the 
stimulus and had not to be associative chains. The mean number of associations 
per subject was ascertained and these ranged from 9-61 for the word ‘kitchen’ to 0-99 
for the nonsense disyllable ‘gojey’. These were labelled m values and Noble claims 
that they are directly related to the efficiency with which subjects learn both serial 
and paired associate word lists (e.g. Noble, 19525; Cieutat, Stockwell & Noble, 1958). 

In their attempt to find some principle underlying the learning process, Under- 
wood & Schultz (1960) set out to develop the notion that frequency of experience is 
the common factor in several measures which have been used to predict learning speed. 

As one example of this, they analyse in some detail the first sixty items in the table 
of Noble’s m values. They argue that in this list a clear overall relation is found; as 
the number of elicited associates to a word decreases, so does its frequency of occur- 
rence as measured by the Thorndike & Lorge (1944) G count. Certainly between the 
quartiles this general relation seems to hold. Nine of the fifteen words in the first 
quartile occur more often than fifty times per million words sampled (subsequently 
called ‘HF words’) while only five from the second quartile are HF words. The m 
value range sampled is from 9-61 to 5-10. In the last two quartiles, no HF words 
*ppear and the words occur less frequently than fifty times per million words sampled 
(subsequently called ‘LF words’) or fail to appear in the G count. Accordingly this 
could indicate that the m values are sampling an underlying frequency variable and 
SUggests that this is the more important factor with frequency and m values being 
Positively related. The data to be reported here casts doubt on the generality of this 

nding in its simple form for words at the frequent end of the m value range. 


Subjects METHOD 


5 
The Subjects were students at a Teacher Training College (average age 20 yr). There were five 
Ups of fifty subjects, each group consisting of twenty-five men and twenty-five women, 
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Merial ang procedure 
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composing twelve item lists were ascertained. These experiments are 
(Matthews, 1966). 

They were presented both auditorily and visually to the subjects, who were given the follow- 
ing instructions: ‘I am going to present a series of words to you. I will say the word, and write 
it on the board simultaneously. As soon as you hear and see the word, I want you to write down 
on the sheets which you have been given as many words as you can which this word makes you 
think of. Only write down those words which the word with which you have been presented 
brings to mind. Do not associate in a sequence from 
sponses, but after each associate has been written down always go back to the initially given 
word.’ (An example using a stimulus word Not in the set wag given here to show what was and 
was not required.) ‘To help you to refer back to the given word, always write down the stimulus 
as soon as you have heard and seen it in the Space provided on your sheet.’ (The response sheets 
were divided into rows and columns with the column on the left reserved for the stimulus words.) 


Es WO utes to associate to each word and then you will be told to stop- 
You may Tepeat associations if you wish to do go,’ (This was ela j 


e : »stions 
we ^ à rified in response to questio 
but very few Tepetitions were in fact given.) 


reported elsewhere 


" E d 
‘ sheets on which the subje ct ed 
ach stimulus was not given to each subject. Owing t 
f subjects took part in the experiment. They were drawn 


nd were not grouped in ways which might have influenced speed of 


Table 1. J iati ; j 
Mean number of associations given to cach stimulus word in 1 min 
from a group of fifty subjects 
G-count 
word G-count 
Stimulus fre, F word 
. quency Males Females Total Stimulus frequency Males Females Total 
arm AA — 1135 154g 12-56 bats 8-06 
kitchen AA 9-96 11-56 10-76 Dats 19 8-01 
mare 14 8-43 12-04 10-24 Poon i AA .90 
van 29 917. nae  joj; eis M 7-80 
smoke AA — 9041 11-98 10-06 Se PS UU 
= A 904 1.0 10-04 me "s T 
orchestra T 960 10-12 9-86 violin AA 7 
family A Hen oem 9:80 sentry i : T 
» -96 -7 5 E P 
a A 960 10-84 ia p np d 732 
cold AA 830 1046 9-48 big ^ pn 
hoi S l6 pas gio wa e 32 Tia 
Puy 21 7-22 11.40 931 L^ Sx ras 
sát E. 9-56 ^ ggg Bos Bos] AA 7.36 
weave Fa 8:56 9-64 9-10 fee P^ 730 
writing 39 739 19.75 9-05 jx w LEE. 
trumpet 17 $92 — 9.08 9-00 aes A TAN 7-04 
m^ 2 Om uà D wem. 1s 08 
overture A 183 10-04 8:94 es oo ee 698 
pillow 33 2 MS aos ys AA im 6 
tailor 32 es 10:00 8-92 i Ex ides 
island A 7-84 9-72 8-78 ri. E ns 
direction a 7) Ow aa end t ds 
Warehouse (o 768 956 8-62 "Es n Bien 
pem 10 7386 — 980 gap iuc AA 7-08 
id 7 FO om pa giggle" 2E ed 
anima] ha TO4 9-68 8:36 ^ cdm 4 eas 
anchor 26 d 9-04 834 ui e" i AA ae 
780 — 832 — gi Mo EET 58g 
AA = occurs more often th 50 
and less than à ver HOD times Per milli EU 
million words "a iie Der million words sampled; n ds sampled: di. =. 6coun more often. ju E 
™mpled with a range fro * numbers, före le, 21 = occurs 21 tim 
m 1 to 49, xample, 21 = occurs 2 
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association. Group I was given 8 HF and 7 LF stimulus words: group 2 had 6 HF and 7 LF 
Words; group 3 had 7 HF and 9 LF words; and group 4 had 7 HF and 8 LF words. These four 
groups were instructed to underline the word which had just been written at the end of 1 min, 
and to continue associating. The experimenter notified the group by saying "Underline now’. 
Group 5 were given 27 HF and 1 LF words, in two separate sessions. 


Table 2. Mean number of associations given to each stimulus word in 2 min 
from a group of fifty subjects 


G-count G-count 
word word 

Stimulus frequency Males Females Total Stimulus frequency Males Females Total 
Water AA 22-80 front AA 13-48 
farm AA 19-30 cat AA 12.92 
river AA moors* 17 14-80 
Orchestra 10 right* AA 3 
log* A bats* 19 
March* AA boy AA 
kitchen AA show* 
light* AA taste 

horse AA Jack* 

van* 29 anchor 26 
smoke AA sentry 5 
bipe* A stone AA 
mare 14 violin ll 
cold* AA turnips 10 12-64 
cloth A wooden 46 11-76 12-48 
Weave 29 it AA 12-00 — 11-96 
docks* 16 execution* — 16 12-12 — 11-80 
axe 35 point* AA 12336 11-48 

rain AA buttercup 2 10:32 13-44 ` 
Cranes* 9 13-68 story AA 11-92 11-80 11-86 
food AA 12-80 legend 22 11-42 1236 11-79 
lifo AA 12-83 crates 7 11-48 12-08 11-75 
Plough 17 12-68 needs AA 11:40 — 12-04 — 11.72 
amily AA 16- dress AA — 1L60  1L88 1172 
Suard AA 15:60 14-54 beast A 10-56 12-56 11:56 
house AA Medd 14-52 joke 32 10-08 — 12-92 11:50 
Music AA 15:16 14-48 man AA 8-80 13-96 11-38 
fabric 21 1640 — 14-26 big AA 972 1280 112 
woman AA — 1448 1400 1424 cabin A — 1036 1208 1122 
tailor 32 13-68 14-76 1422 largo AA 1L20 11-20 1120 
Writing 30 13:92 1440 — 1416 place AA 10-08 1232 110 
Rambling 16 1444 14-10 block A 9-00 1232 10-96 

rumpet 17 12-26 14-07 cool AA 12-00 . 9-68 10-84 
animal AA 13-90 14-04 shock AA 996 1168 10.82 
Warehouse 10 11.92 article AA 975 1140 1057 
Pillow 33 12-13 rag* 28 10-20 10-56 — 10-38 
Tugby 2 14-44 suspicion 98 944 9:72 — 9-58 
ieee AA 12-04 giggle 5 796 10:38 — 9-16 
M nd AA 13-80 uncertain 21 8-92 9-28 9-10 
owt AA 13-12 thing AA 9-68 8:24 8-96 
qi e ture* 4 11-26 giant A 8-40 9:16 8-78 
hen AA 19-88 desires AA 730 — $84 — $02 
field AA 12-52 doubt AA 6-68 1:92 1-30 

AA 12-24 
Ang dm occurs more often than 100 times per million words sampled; A = occurs more often than 50 


than 100 times per million words sampled; numbers, for example, 21 — occurs 21 times per 


milli 
llion Words sampled, with a range from 1 to 49. 
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RESULTS 
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count frequencies are added. 
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items. These included both HF and LF words. Over 100 subjects took part in these 
experiments. They were drawn from a similar population to that which produced these 
Norms. In eight of the groups more HF than LF words were correctly reported, 
although the size of the effect was not large. In the other four groups this trend was 
hot maintained. In two of these there were no differences between the HF and LF 
lists; and in the two remaining, more LF words were correctly recalled than HF words. 
The size of this effect was also small. This indicates that word frequency is a relevant 
Variable even though the effect is not a large one: and suggests that the Thorndike & 
Lorge G count values are reasonably valid in a verbal learning situation. 

A third reason for this difference may be that these subjects were superior to those 
used by Noble (1952) and that a time-interval of 1 min was insufiicient to differentiate 
between the varied words. The results from the 2 min association period indicate 
that this is unlikely. The rank ordering in terms of m values for words providing the 
l min and 2 min scores correlate highly (r, = + 0-905, n = 59, P < 0-001). 

A fourth possibility is that the use of different subjects for different groups of 
Stimulus words could produce this ordering as an artifact of writing speeds or other 
related factors. If the ordering of the words corresponded to their grouping in 
presentation, this hypothesis would have been supported. An investigation of m 
values and grouping for presentation completely failed to support this hypothesis. 

Excluding the subjects as a major source of variability, any search for the differ- 
ences between Noble’s results and these must centre on the characteristics of the 
stimuli. The words used here differed from those used by Noble (19524) and reported 
by Underwood & Schultz (1960) and a comparison of the characteristics of Noble's 
first sixty words and those in Table 1 follows. In Noble's set, fourteen from sixty 
words are HF words, leaving forty-six LF words in the set. In the words in this 
experiment twenty-seven were HF words, and thirty-two were LF words. Fifteen 
of the LF words used by Noble do not appear in the G count. All the words used in 
this investigation appear in the G count. Thus the extreme low range used by Noble 
is not covered in this investigation, but otherwise the range of values used in that 
investigation is sampled here. However a greater variety of HF words must have 
been used. Differences also appear in the associative characteristics of the LF words 
used. Only nine of the forty-six LF words in Noble’s norms were judged to have HF 
associates (norms are not available to demonstrate this), whereas twenty-four of the 
thirty-two words in this investigation were selected because they had this charac- 
teristic. Thus Noble's findings may be only applicable to a very restricted range of 
Words, and it seems premature to generalize from a sample with these limitations to 
Verbal processes in general. 

Analyses of the data were then made to investigate some of the factors contributing 
to the different associative scores found in this investigation. The first analysis was 
of the number of grammatical usages that the exact form of the stimulus word has 
(e.g. noun N, verb V, adjective 4, pronoun P). These classifications were made by the 
Writer and one other person. These were then listed as triple usage words (NAV), 

double usage (NA or NV or AV) or single usage (N, A, V, P), and presented to twenty 
Undergraduate students. They were asked to make rapid judkxemnentic as coe vea 
Maier wae ai cudi eimallas. Wond usage Prdgementis wee wWiowedl, Wittin each, 

Yeage group, the words judged to be mainly N or Y or A were separated and the 


396 W. A. MATTHEWS 


, siii 
stimuli was obtained. m s 

i indi j at thi 
e more individuals must have indicated that 


rithin each Usage group so that the salts of 
her. The mean number of associations obtained by 
the variety of usage breakdown are shown in Table 3, in wl 
are grouped (along with a single A V w 
four usage conditions 


; , words 
lich the single usage Me 
rord). This table also shows a breakdown o 
as a function of the word frequency: of the. stimulus. 


A > " P" TET) 
Table 3. Mean number of associations qs q function of usage with stimuli i 


word-frequency groups 
Mean No. of 


Mean No. of Mean 
No. of no. of HE no. of LF no. o! em: 
Usage Words assoc. gp Words assocs, — words — nssocs. " 
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this should be reflected in a wider range of different categories into which the associ- 
ates of word w could be placed, but fewer words occurring within each category 
group. A precise test of this hypothesis would be extremely difficult. A preliminary 
analysis which lacked these required controls failed to support this hypothesis. There 
Was no control over the number of associations within a category, but an analysis 
Was made of the individual responses to two pairs of words of similar frequency but 
different numbers of associations. The associations were categorized using the same 
criteria, and the number of categories and associations within a category counted. 
The words which produced the greater number of associations also contained a larger 
number of different categories and a greater number of words within each category. 
This may be because the possible associations for each category group are unequal 
or because different chaining methods are available as a function of the particular 
stimulus word. 


Table 4. An analysis of associations in common between word pairs with frequency 
of occurrence of the common and non-common words shown as a ratio of total 
occurrence of words/no. of different words 


Frequeney Mean repetitions 
Stimulus pairs No. of with which Mean no. of in remaining words 
related different given repetitions given as g ciates 
ro words in, s ` — i JN, 
Word 1 Word 2 common Word 1 Word 2 Word 1 Word 2 Word ] Word 2 
horse mare 108 383 4-68 5 1:5 
cloth fabric 98 398 1-4 
music orchestra 83 1-68 
cotton Wonve 76 1-65 
guard sentry 69 1-66 
musie overture 69 1:56 
musice trumpet 62 1:96 
docks warehouse 60 les 
field plough 49 209 Ls 
log axe 44 300 1-96 
night, pillow 43 257 1-83 
cloth tailor 42 283 2-91 
field moors 34 110 1-76 
horso gambling 29 115 188 
field rugby 15 75 2-29 
Controls 

m MM. 
life Stites 27 82 45 3-04 1-58 L-g 
island warehouse 22 59 50 270 2-06 2. 
food legend 14 29 22 2-07 2 IE 
march violin 13 35 112 2-62 2 
field giggle 9 18 53 2-00 E 


The last notion may be relevant to the main issue of this paper that some LF words 
Produce as many or more associates than HF words. If the frequency norms are valid 
his su ggests ikat experience in many different situations is not required to produce 
"limj&rons assaoiations. However the HP and. LE words may be related to a similar 
“Ontext—an operational measure of this might be (a) a high probability of occurrence 
às an associate and (b) membership in the same conceptual class: if so, the associations 
Siven to the HF stimulus may be appropriate to the LF stimulus. When the LF 


25 Gen. Psych. 56, 4 


398 W. A. MATTHEWS 


stimulus is presented the subject may produce associations directly T - St 
experience with events which have occurred in contiguity with the " : mero 
Associations may also be given by a controlled chaining method. If an H we E 
given as an associate to the LF stimulus, associates to this HF word may fien a s 
as associations to the LF stimulus. This could be extended to any related TUE w 2 
which may occur as a response to LF associations given to the original LF stimulus. 
Each association obtained by this method may be produced 
when it has been monitored by some mechanism as being 
stimulus. 

Thus LF words with either HF synonyms or : 
HF words would be expected to produce a greater number of associations ihat ap 
lacking these connexions. Examples of such pairs may be ‘horse’ and ‘mare’. od 
more loosely connected, ‘horse’ and ‘gambling’. 
made is that HF and LF words which may be p f 
in common than randomly chosen pairs of HF and LF words of similar frequency: 
It is also probable that these common responses may be given more often by m 
group as a whole, elicited as they are by at least two stimulus events. Table 4 shows 
the results of an analysis made on the present data using fifteen related pairs 9 


stimulus words and five randomly chosen control pairs. 
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for by possible differences in the number of potential available associations or by 
the use of ‘chained’ associations. The greater the variety of categories into which 
the associations may be divided the higher is the probability that any produced 
association may be a stimulus for or be related to associative responses. More probably 
both factors are involved in these associative processes. 


Thanks are due to Dr H. D. Wing, Principal of the City of Sheffield Training College, for help 


in providing the subjects for this investigation. 
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EMOTIONAL INDICATORS IN WORD ASSOCIATION 
By W. P. BROWN 


University of Aberdeen 


Long reaction-times anc er features rord-associati 
bis dim qe Moin Don o w se ee on performance have been widely 
D r ET al di urbance in subjects, but the evidence for this inter- 
Aer Na Sees x ies nd, there is better evidence for the view that these features indicate 
SEV nr Rem z 4 of a typically non-emotional kind. Separate analyses of the responses to 
eee ds p am thirty emotional words made by 100 subjects confirmed the importance of 
SUE aes n hp im eliciting: emotional indicators. However, the emotionality of the 
amine aie sae à d power to elicit indicators. F urther, certain pairs of emotional indicators 
aA ee S hen the stimulus was emotional to an extent which was not found with 
eel AMETE -The possibility of sek stimuli for particular subjects by reference 
critical pairs of indicators 1s € quency presents something of an 


obstacle. 


scting emotional 
liscussed, but their infre 


ETE a : à 
PE ie of experiments on the perception (Brown, 1961) and recall (Rapaport, 
942) of emotional material by normal subjects disclose a widespread use of words as 


ice midi iai considerable reliance on associative reaction-time asa criterion 
atcha te tle ity. I he validity of the long reaction-time (LRT) asanemotional 
Indead. Saith inr de e however, has not been satisfactorily demonstrated. 
M simi m { 5 draw flatly that ‘it is commonly recognized that reaction-time 
faery ‘he - ies n prolonged on account of purely intellectual difficulties, arising 
ime rm p x the stimulus-word, etc. (p. 65). This point has been made several 
-— teet as y McClatchy & Cooper (1924), by Copeland (1932), and more recently 
visco s cagenely by Laffal (1955). Laffal's article is of especial importance because 
hes Pine es doubt on a second emotional indicator in word association, the inability 
Smith ies s response on à retest (reproduction failure). Previous workers such as 
Bins ( 922) had suggested that reproduction failure was the most valid of the 

not onal indicators; Laffal purported to show that both LRT and reproduction 
failure indicated primarily non-emotional, ‘intellectual’ difficulties inherent in the 
task of finding an association to the stimulus-word. As a measure of this non- 
emotional associative difficulty, Laffal used the total number of different responses 
8iven to each stimulus by his group of eighty subjects. This measure correlated very 
highly with scores indicating the frequency of LRT and reproduction failure among 
responses to the same stin From this he concluded that these two emotional 
indicators in word association netion of the nature of the associational 
response hierarchy of the stimu 

From Laffal’s argument, one would predict an absence of correlation between the 
emotional indicators and some criterion measure of stimulus emotionality which was 
independent of associative difficulty. A study by Levinger & Clark (1961) failed to 
Confirm this prediction. They collected ratings of their stimulus-words on a seven- 
Point emotionality scale, and added a GSR measure as a third emotional indicator 
In their experiment. A factor analysis of the intercorrelations obtained yielded two 
factors, identified as emotionality and associative difficulty, on both of which each 
9f the emotional indicators (LRT, reproduction failure and GSR) had sizeable 


li. 
‘are largely a fu 


lus word’ (p- 268). 
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loadings. Here, then, is evidence that emotional disturbance does show upon ve 
m "a indicato, but, since there is ample evidence that associative TE 7 
T a. the indicators, it is clearly perilous to infer emotional disturbance pee 
than associative difficulty from a particular instance of LRT. ee Ro 
or GSR. Thus none of these indicators can be used safely to select emotional 
' experimenting. , 

EC v is - to be disquieting to experimenters wishing to use end 
materials to investigate perceptual defence, repression, etc. It is not, how ines 
necessarily the final conclusion. A further possibility was indicated by Smith ( ed 
when he wrote that ‘prolongation of reaction-time alone is not necessarily a com p 
indicator; it is only significant if accompanied by other indicators’ (p. 63). I ap 
at least a possibility that the joint occurrence of two indicators, neither of wide pid 
itself would be good evidence of emotional disturbance, may prove to be of gre? 
validity. ] lied 

The correlational approach on which Laffal, and Levinger & Clark mainly re 
isnota satisfactory tool for analysing 
À technique is required which will tre. 
than combining them over subjects 
An analysis of intrastimulus 
of indicators, is needed. An 


o tables (e.g. presence or absence of LRT v. a 
or one of its derivatives, A major D 
assic one by Hull & Lugoff (1921). This acer ar 
of complex indicators? (Rapaport, Gill & Scha 0 
1946, p. 492), suffers from an instructive deficiency in design. While Hull & Dugo 
nest indicators showed above chance fequens 
aim that this demonstrated the validity of ient 
‘trongly suggest that the indicators share a com™ 
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whether or not it i i i 
2 10t it is a unique response will give a ri riteri 
mt ane q sponse w ill givea rough criterion measure of associative 
be sult; ich ean be used in an intrastimulus analysis of responses The unique 
Sp " asur mra ia r 1 H B —: 
r oe measure, to be sure, is rather inexact, since it depends upon norms which 
ms issus, de be m c s s 
: Sue rough approximations to the ‘true’ norms. Nevertheless there is little reason 
o at this asure wi 1 
i doubt that this measure will mark off a set of responses which in general have 
)een ac ani - -elativelv hi iati i po i 
m Là companied by a relativ ely high degree of associative difficulty in the subjects 
hs them. Further, it 1$ certainly the case that Laffal's measure of associative 
l1 è H E u 1 1 à 
culty (the total number of different responses to any stimulus) mainly depends 
s it elicits, and the two measures will be very 


upon the number of unique response 
the correlation for the present sample of 


highly correlated over a sample of stimuli ( 
sixty words was + 0-97). 

By modifying the measure of 
to include this variable in analyses of data 
stimulus levels, those of stimulus-word attr 


Sarita, Indeed, without treating the dat 
reported by Laffal cannot be properly understood. He found that the number of 


i (and hence unique) responses, the number of LRTs and the number of 
ag uction failures elicited by stimulus words were all highly intercorrelated. 
he one might infer from other studies (Schlosberg & Heineman, 1950) that it was 
addi niu responses which required the LRTs, this does not follow logically from 

orrelation: it could be that some subjects react to the associative difficulty by 


pis hui responses fairly promptly, while others use commoner responses but 
iri aby at LRTs. Still others, perchance, giv amon responses quickly but forget 
(and so record reproduction failures). ve uncertainty can 
ed reduced by examining the co-occurrene ponse, LRT and 

uction failure among the separate responses. picture of 


ther doy A f Gees 
e role of associative difficulty in word-association perform 
As noted above, there seems to be no response-specific criterion of emoti 


TR a available for inclusion m an intrastimulus analysis at the response level. 
1e emotional factor must be manipulated in a relatively gross manner. The simplest 
E i i H " 

ay to do this is to contrast a § 1 which the emotional 


i et of word-association data i 
Actor is unlikely to be operative W ta in which emotional 


di ith a comparable set of da 
isturbance is likely to be present, drawing the line of demarcation between these sets 
long interstimulus boundaries. 


investigation W 


associative difficulty in this way, it becomes possible 
at both the interstimulus and the intra- 
ibutes and of separate response charac- 
a in both these ways, the correlations 


e com 
Such interpretati 
e of unique res 


In this way a clearer 
ance may be obtained. 
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The purpose of the present 1 as to take the problem of the validity 
of the emotional indicators a little farther than Levinger and Clark did, by adding an 
analysis of intrastimulus associations to the interstimulus correlation analysis, and 
by contrasting the results from a non-emotional word list with those from an emo- 
tional word list. The overall plan was as follows. Two lists of stimulus words were 
drawn up, one composed entirely of emotionally neutral words (N-words), the other 

-words). The two lists 


entirely of words which might be emotionally disturbing (E-wo i 
Were of roughly equal a ciative difficulty, but within each list a wide range of 
associative difficulty leve nted. The two lists were combined for the 


Purpose of testing subjects; onses to each list were analysed separately. 
Analyses of the N-word responses W d to disclose what relations among the 


Various indicators occurred in the à ] determinant, including 
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METHOD 
Subjects 


E 5 D the f rst- 
d E S, olled in the 
he subjects were 100 undergraduate stude nts, 70 women and 30 men, enr 
DJ 
year course in psychology at the University of Abe 


a E 051.58. 
rdeen during session 1957-58 


Procedure 


: - lit Dodge’ 
: ; a rightly lit ud 
1 stimulus list was used. Stimuli were presented visually in a —— ith this 
= pst E pe, with exposure durations of about 0-7 see (the longest avı r the first WOT 
type bewegt uino were instructed to respond as quickly as possible, say re ae to the 
M lec i (o iem on seeing the stimulus. Responses and reaetion-times (m : sik given: 
CL ^ £ g r ; Dele i : 
I 0-1 sec) were recorded. Immediately following the end of the list, a 2 tc died the 
nearest 0-1.sea) E FeHDOREH Rira rst presentation. Lor se Ms 
subjects being instructed to recall the response given on first present Aae E whet! 
experimenter used oral presentation of the stimuli on the retest, and merely 
recall was correct, incorrect, or absent. 


Stimulus words 


:nted 
illion printe. 
All stimulus words were of six letters, and all had a frequeney of at least ae gee been 
words in the general count (Thorndike & Lorge, 1944). Of the original 100 words, im only M 
chosen as E-words and 40 as N-words on a priori grounds, fth 
words were retained, 30 of each type. No words from e 

list were retained, since words in the 


For the present ana donga 
ither the earliest or the last secti 


few 
à nduly } 
se favourable serial positions tend to a 2" aclectioT 
LRTs and reproduction failures respectively (Hubbard, 1924). The main principle 
however, was the requirement that the two 


equivalent associative di 1). 

While the original classification into E-words and N-words w: 
quently received some empirical confirmation. 
College rated all 100 words on a seve: 
retained for analysis, the biserial r hy 
+ 0:89. 

The N-words were 
obtain, column, e: 
comedy, sphere, 

The E-words 
vulgar, gossip, cow: 
health, doctor, vani 

Both lists are in 
that ties are 


shl} 
> of roug 
groups of E-words and N-words should be 
fficulty (sce Table 
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: detail, patent, 
state, fringe, museur 
errand, planet 
were: forbid, 


manne! 


" T— ice, N, 
person, action, theory, agency, lawyer, not brane 


m, needle, shadow, employ, vision, centre, bright, " 
> autumn, warmth, foster, garage, rustle. res secre’ 
grudge, modest, normal, excuse, attack, offend, ane go 
ard, caught, secure, decent, caress, choose, strict, stupid, wicked, 
ty, guilty, afraid, hatred, sister, wealth, female, 

order of deere: "ing associative difficulty (number of unique 
not indicated, 
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Indicators scored 


Initially ten indicators were counted, but four of these 
repeating the stimulus before responding, aj 
stimulus) occurred too infi 


zation 
assocla T 
(failure to respond, clang a5 th 
Tequently to permi 
were as follows. 


; wariant r3 
nd responding with a grammatical We jcat? 
t statistica] analysis. The remaining six T 
T 
E " r stint uo 
Unique Response, Any response made by only one of the 100 subjects to a particular e ast 
was scored “unique response’. This Xplained above served as the criterion T f 
of associative difficulty. The other five ing; ators are all allegedly emotional indicators- ime 2 
Long Reaction Time. F i t Lugoff (1921) a : 5), a reaction" 
g f 


nd Laffal (19; 
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9.6 s 
d eder. Pera gnome LEE: Despite the visual mode of presentation, this cut-off point 
Teint S a most exactly the same proportion of responses as in Laffal's study. 

E ion. Two indicators of perseveration were used. These were Response repetition, 
ubject responded with a word already used as a response to a previous 
when a subject used a previous stimulus from the list as a 
everation is an emotional indicator 
stimulus. When different 


which was scored when a 
Stimulus, and Stimulus repetition, 
response. The rationale underlying the proposal that pers 
assumes that a perseverative response is not a true associate of the 
stimulus-words which are closely connected with one another appear in the same stimulus list, 
true associations may occur which meet the above definitions of R-repetition and S-repetition ; 
in an attempt to exclude such cases, no response given by more than five of the 100 subjests 
Was regarded as an instance of either R-repetition or S-repetition. It should be noted that these 
two indicators are independent and could, and did, co-occur. 

Reproduction failures. Two types of reproduction failure were distinguished. These were for- 
getting, when the subject was unable to recall his previous response at all, and misremembering, 
when the subject recalled the previous response incorrectly. Forgetting and misremembering, 
of course, are mutually incompatible, and cannot co-occur. In scoring for reproduction failures 
maximum eredit was given to subjects, so that if a subject made a correct reeall but withdrew 
it in favour of an incorrect recall or an avowal of forgetting, correct recall was scored neverthe- 
less. (The two types of reproduction failure may be equivalent, but it seemed inadvisable to 
assume this in advance. Previous practice has varied; Laffal apparently count ed both forgetting 
and misremembering as failures, Levinger and Clark only counted forgetting.) 


Methods of analysis 


were drawn up, one each for 


is words by 100 subjects) 
entered in appropriate cells. 


_ Two tables of 3000 cells (30 stimult 
N-words and E-words. Code numbers for the six indicators were 
Row totals, showing the frequency of each indicator in response to each stimulus, were inter- 
correlated for each pair of indicators. In addition, the 3000 cells of the original tabulation were 


scrutinized, and two-by-two tables for each pair of indicators were drawn up to show the 
Observed frequencies of joint occurrence, and non-occurrence. The signi- 


separate occurrence, 
ficance of these patterns of co-occurrence Was assessed by the x? technique. 

Finding expeeted frequencies for these tables presented some difficulties. The calculation 
of independence values assumes that the chance probability of each indicator is the same in 
cach of the 3000 cells. In fact, the probability was demonstrably higher in some rows of cells 
(i.e. to some stimuli) than in others. When both indicators involved have higher, and lower, 
chance probabilities in the same rows as one another (i.c. when there is significant interstimulus 
correlation), the normal independence values will underestimate 


the true f,'s of co-occurrence 
over the entire 3000 cells. (‘The study by Hull & Lugoff (1 


921) is open to criticism in this respect.) 
An attempt to avoid the danger of accepting insignificant associations as significant was made 
‘oly for cach row of the original tabul 


by calculating the f,’s separately fi ation, and summing the thirty 
Eh i Z entir 
values so obtained to arrive at f, s with which to compare the f,’s counted up over the entire 


3000 cells. In information-theory terms (Attneave, 1959), an attempt was made to assess the 
. A 


Significance of (P (x;y) rather than 7 (x;y) 


RESULTS 


Frequency of indicators 
e six indicators were distributed among the stimulus words 
mean frequencies of the indicators among responses 
to N-words and E-words. Since the lists were chosen to be comparable in associative 
difficulty, they did not differ significantly in the mean frequency of unique responses 
(or in the variance of this measure). All five emotional indicators, however, were 
elicited more frequently by E-words than by N-words. This agrees with the findings 
9f Levinger & Clark (1961) for LRT and forgetting. If the reliability of the difference 
words and N-words is taken as à criterion, forgetting emerges as the 


kest indicator of emotion. 


Table 1 shows how th 
of the two lists, and also gives the 


tween E- 
Strongest, LRT as the wea 
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Table 1. Distribution and mean frequency (percentage incidence) of six indicators 
among responses to neutral and emotional words 


Frequency of indicators among 100 responses 


Word — = 

Indicator list 0-5 6-11 12-17 18-93 24-99 30+ Mean t 
Unique R N 4 9 3 3 6 ü 178 1:39 
Unique R E 3 1 7 6 7 6 21-7 
LRT N 9 8 2 1 1 3 12:2 2-38* 
LRT E 2 7 5 8 5 E 18-4 
R-repetition N 19 11 4-2 3.12** 
R-repetition E 11 15 4 —— d. "m 7-2 
S-repetition N 27 3 1-5 2.90** 
S-repetition E 22 8 3-5 
Forgetting N 16 8 3 3 E E 6-7 407%" 
Forgetting E 6 5 ll 6 2 om 13:7 
Misremembering N 22 8 as € gs 10 2.00* 
Misremembering E 15 10 5 pen » 63 

*€ ci 
hes Difference between means Significant at, 0-05 level. 


Difference between means significant at 0-01 level. 


Table 2. Measu intersti ; inirasti jation 
asures of interstimulus correlation and intrastimulus association 
between pairs of indicators 
Interstimulus Intrastimulus 
correlations! z ociations? 
T soc 
N words E words Pairs of indicators N worde: E word 
mex e Unique R x LRT 1-18** 99-43") 
0-75** oe Unique R x R-repetition FO ae 
0-59** 0-625 Unique R x S-ropetition 15-30** Tet 
0-50* 0-09 Unique R x forgetting 30-40** ate 
Een aA Unique R x misremembering 16-21** 22-68 
oan Dos LRT x S-repetition ol 1-63 y 
0-48* 0-11 LRT x forgetting T 31:81" 
a LRT x misremembering ae mos 
0-50* "s R-repetition X S-repetition 92 152, 
Qo vies R-ropetition X forgetting i 1259, 
Gud es "repetition x misremembering 4.00 18:70 
aE Her S-repetition x forgetting 0-89 4:44 
repetit, i : i 
"n nen petition x misremembering 11-05** pum 
Forgetting x musremem bering T 
1 a ition ; ; ID i 
When $ repetition 18 @ variable, entries are biseri ; pro uc 
Té H i ^ 
moment, correlations, with 28 D.p, Iserial cor; elations; otherwise, entries are F 
? Entries are values of x’, with 1 pr, * 
P < 9-91, ** P < 0-001. 
Interstimul 
US correlations b 5 
€ 
The correlations between each p o dedii a 


significance, Among N-words, it see 


^ 
the introduction of the emotional factor had an effect on the matrix. None of the 


While perseverative responses ( 
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Eos Pet aum = the others. The only exception to this generalization is that 
canens a anne cie many perseverative responses (R-repetition and S-repetition) 
ie cium A iarkedly from misremembering of responses on the retest, although 
Wis Sy suffer from forgetting of them. Despite these two non-significant but not 
hegligible correlations, the overall impression is clearly one of the total intercorrela- 
tion of all variables. Associative difficulty (unique responses) was as closely sülited 
to the emotional indicators as they were to one another. 

. The correlations relating to E-words present a somewhat different picture. Only 
six of the fifteen were significant. Neither S-repetition nor misremembering correlated 
significantly with any other indicator; all the correlations were significant among 
the four remaining variables (unique response, LRT, R-repetition, forgetting). It is 
difficult to interpret this pattern of intercorrelations as it stands; that is, without 
reference to the analysis of intrastimulus associations. It seems clear, however, that 


indicators functioned exactly as it did in the N-word matrix. Unfortunately, from 
mpossible to tell which of the variables had changed its 


the correlations alone, it is i 
meaning, although it is apparent that some, if not all, of them must have changed. 


Intrastimulus associations between indicators 


Information about the intrastimulus patterns of co-occurrence of pairs of indicators 
, for N-words and E-words separately. The entries 
àre values of y? derived from analysing the two-by-two tables, and again the criterion 
of significance used is the 0-01 level. All significant values refer to above-chance 
frequencies of co-occurrence, although in some of the insignificant cases the observed 


frequencies were marginally below chance. 


Six of the fourteen x? values re 
responses were associated with all 
responses typically have LRTs an 
both R-re 
unique responses. This finding fully acco 


called emotional indicators are highly se 
gnificant 


bered on the retest. 
the E-word analysis. Five of these relate to 


x? values in s 
ponses and the emotional indicators. Associative 
in responses to E-words and N- 


t is given on the right of Table 2 


lating to N-words were highly significant. Unique 
five emotional indicators. In other words, unique 
d are forgotten or misremembered on the retest, 
petitions and S-repetitions) are likely to be 
rds with Laffal's (1955) claim that the so- 
nsitive to associative difficulty of a non- 
x? relating to N-words shows that 


~ 


emotional kind. The only other si 
S-repetitions tended to be misremem 
There are nine significant 

the associations between unique res 
difficulty , then, gave rise to emotional indicators 1 
Words alike. But there remain four significant x? values for the E-word responses 
Which were not significant for N-word responses. Responses which had LRTs were 
likely to be forgotten on the retest; R-repetitions were likely to be forgotten or mis- 
remembered ; and R-repetitions were likely to be S-repetitions too (i.e. once à stimulus 
ad been given as a response, it was likely to be used as a response again). None of 
hey are all true of E-word responses. 


ham e 
ese stat lds for N-word responses; é 
hat is sh olsen are true only of the set of data in which the emotional factor 


Was believed to be operative- It may be, then, that these four pairs of indicators are 
| indicative of emotional disturbance in a way in which no single indicator is. 
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Comparison of the two analyses 
The two analyses, of interstimulus correlat 


. : ssociations. 
ions and intrastimulus vai preis 
á : ed. J-words, . 
yielded clearly different, patterns of relation among the indicators. Among N 


g 
a few significant associations gave rise to many significant correlations: ees 
E-words, a larger number of associations supported a smaller number of correlatio 
It is necessary to consider the different types of outcome in more detail. that 
Both correlation and association significant. In these cases, it can be presumed ant 
the significant association between the paired indicators accounts for the ducem 
correlation. Thus, for example, the explanation of the fact that stimuli which is 
most unique responses also elicited most LRTs is that many of the unique are gi 
themselves required LRTs. For N-words, this simple pattern of relationship "^ 
between unique response and each of the five emotional indicators. For Ew p^ 
the pattern Occurred five times, namely when any two of the variables LR T, 1 of 
getting, R-repetition and unique response were paired, with the single exceptio! 
the LRT-R-repetition relationship, Note that the foc 
response for N-words was shared with fo. 


Significant correlation without significant association. In these cases, the correl d 
cannot be explained in the direct manner of the previous pattern. Instead, it init 
accounted for as a Side-effect of other associations relating each of the corre ition 
indicators to a third. Thus, for both N-words and E-words. LRT and R-repetit V 


were correlated, although R-repetitions themselves did not have LRTs. Fo! 
words, this correlation was mediated by th 


d 
responses had an above-chance probability of being V-repetitions: they also wr 
to require LRTs. Consequently. stimuli eliciting many unique responses wor 
amass many R-repetitiong ànd also many LRTs, albeit independently: hence u 
significant LRT-R-repeti i ion. In the case of E-words, both und T 
response and forgetting were i ition to mediate the correlation between cda p 
and R-repetition in this way. This Particular instance of correlation without dn 
Fore the only one words, but there were Seven such cases for N-W° 
he i 


ds 
* H " -wol o 
S between Pairs of emotional indicators for N se 


ol 
; ique resp? , 
(non-emotional) unique not 


jque 
iti i z uniq 
al position occupied by t 


rgetting in the case of E-words. ation 


iable, Unique 
© unique response variable. 


variable, which created Secondary 
primarily associated, 


tr 
; moult 0" 
: cant correlat: is i e difficult ° 4 
come to interpret, Then l ifican Correlation. This is a more d n 


significant correlation, į 
repetitions suffered from both for 
repetition correlation 
lation was not: again 
arise will be described, First, Suppose 
rectangular distribution Over stimuly 
expected to correlate with another Variable 
intrastimulus associations would remain, But tier bserved here, such 9? pot 
absence of correlation between unique r haber ] 


x 2-wO: 
Case, not: why? Again, among E-v 
t Setting ang Misr 
Was Significant 


> Why? Two ge 


R- 
Mem 

: 'orgettlns |. 
emembering. but the forge n ae 
: i E n 
While the sin dinetlisring -H repetitio? "t h 

o . : z ies 
neral ways in which such discrepanci t 


One of the ing; oxi pe 
€ of the Indicators to have an appr 
8 Words, 
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fit this pattern. A second explanation may begin with the observation that. in this 
particular case, there were many more unique responses than S-repetitions in the 
data, Even if all S-repetitions had been unique responses (and they were not), there 
would still have remained a large number of unique responses which might have 
arisen in other ways. In fact, a good many of these surplus unique responses appear 
to have involved LRTs, for there was a significant association between LRT and 
unique response, although LRT and S-repetition were not associated. There is a hint 
here of a possible subdivision of unique responses into two distinguishable types. one 
arising in such a way as to facilitate S-repetitions, the other so as to throw up LRTs. 
(A clear-eut dichotomy would require a significant dissociation of S-repetition from 
LRT, but this was not found.) The score for unique response given to each stimulus- 
Word sums both varieties of unique response together indiscriminately. Unless the 
two varieties were very similarly distributed over stimulus-words, the unique 
response scores used in the correlations would not reflect the distribution of either 
type very well. In this case, the unique response measure appears to have been 
closer to the variety associated with LRT than to that associated with S-repetition, 
Since the correlation between LRT and unique response was significant. This, or 
Something like it, may account for the non-significance of the correlation between 
S-repetition and unique response. In more general terms, different associative pro- 
esses may underlie different instances of the same indicator, and these alternative 
Processes may be differentially conducive to the other indicators: in such a situation, 
the interstimulus scores on the former will be multiply determined, and may not 
correlate with the corresponding scores on the latter. 


DISCUSSION 

The attempt to observe the effects of associative difficulty by analysing responses 
to a set of N-words may be counted successful. It has been shown that all five so- 
called emotional indicators are sensitive to associative difficulty, and that this can 
and does lead to significant interstimulus correlations between pairs of indicators 
not directly associated with one another. With the single exception of the significant 
association between S-repetition and misremembering, the entire body of findings 
relating to N-words can be simply and parsimoniously described in terms of the 
Operation of this one determinant of associative difficulty. 

The analysis of responses to a set of E-words was intended to illuminate the effects 
of emotional] disturbance as a second determinant of word-association performance. 
It seems clear that the emotional factor did have an effect, as comparisons of the two 
correlation matrices and the two co-occurrence patterns suggest. It is less easy to 
Say precisely what the effects of emotion were. From the correlations alone, it might 
be deduced that only S-repetition and misremembering, which between them were 
party to all the non-significant correlations, are sensitive to emotion, while the re- 
mainder continue to reflect associative difficulty. But this interpretation will not do. 
Some of the correlations between emotional indicators (e.g. between LRT and for- 
Setting) whieh were significant in both matrices, arose in demonstrably different ways 
'N the two cases (reflecting association in E-words, but only the mediation of mie 
responses in N-words). The emotional determinant produced associations bekin 
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certain pairs of indicators which were not present in the responses to N-words. At 
the same time, associative difficulty remained an important factor in associating 
to E-words, and all the emotional indicators studied remained strongly associated 
with it. 

Which single indicator provides the best evid 
question highlights dramatically the need 
In the absence of such a criterion, it is 
closely associated with emotional dist 
stimulus words, however, provide 


ence of emotional disturbance? This 
fora response-specific criterion of emotion. 
impossible to say which indicator is most 
urbance. The emotionality ratings of the 
a criterion at the interstimulus level, and so ipe 
i were correlated with the frequencies of the si¥ 
correlation of emotionality with unique response 
the selection of stimuli, bu the almost equally 
othing to enhance that variable's status as ied 
etting and R-repetition emerged as significant corre 
be suggested that these two emotiona 


was built into the experiment by 
low correlation with LRT does n 
emotional indicator. Only forg 
lates of the emotionality rating, 
indicators are more sensitive 


Y e . " . B 
Table 3. Correlations between frequencies of indicators to each stimulus and 


mean stimulus emotionality ratings 


Indicator Unique R LRT R-repetition 


aring 
S-repetitiont Forgetting Misromombt 
T — 0-05 0-09 5 


0-35* 0-21 0-40* 0:25 
1 Biserial correlat ; otl 
* P « 001. elation; others are product moment correlations, with 58 D.t 
The finding that forgetting was the gj 


accord with previous views (Smit] 


S à Agtic? 
vith Sufficient frequency to warrant stati jsu® 


: at it P NS tion. e 
€ as to what is and ires ge acreage ae P é A 
* As Rapaport et al. (1946) have P T and 
as accompany each other’ (P- 3 uic 
Tepetition, R-repetition affords '* 
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way out’ of the problem situation created by the emotional stimulus, while other 
Solutions require more time; both lead to responses which are subject to forgetting 
on the retest. In more general terms, a significant dissociation between two emotional 
indicators at the response level could well accompany a significant interstimulus 
Correlation between them. In such a case, the two indicators would be alternative 
Symptoms with the same aetiological implications. 

It may seem odd that, in the E-words correlation matrix. the two better emotional 
indicators, forgetting and R-repetition, should have correlated so highly with the 
non-emotional unique response variable and with the poorest of the emotional 
indicators, LRT. It must be remembered that all the indicators continued to reflect 
associative difficulty even when emotion was present. The observed patterns of 
correlation and association are necessarily influenced by the nature of the sample of 
data on which they are based. In the present case, both samples of data encompassed 
a wide range of associative difficulty levels. In one sample (the data relating to 
N-words) the emotional factor was held constant at a minimal level; under these 
conditions, all the emotional indicators showed striking relationships with associative 
difficulty. Tf data were available for a set of stimulus-words in which associative 
difficulty was held constant at a low level, while all levels of stimulus emotionality 
Were represented, it would not be surprising if all the indicators were found to be 
highly correlated with emotional disturbance. The present E-word stimulus list was 
Not of this type, since the lower emotionality levels were unrepresented, and a full 
Tange of associative difficulty levels was retained. It is not surprising, then, that 
the Correlation matrix demonstrated the capacity of the indicators to diagnose 
associative difficulty fully as much as their capacity to indicate emotional disturbance, 
_ Would pairs of indicators provide better criteria for emotional disturbance than single 
indicators? Hull & Lugoff (1921) concluded that ‘two indicators are distinctly more 
Significant, than one’ (p. 136). The evidence of the present study provides partial 
confirmation for this view; four of the nine pairs of emotional indicators showed 
Significant tendencies to co-occur among responses to E-words. The other five indi- 
cator pairs, presumably, are unlikely to discriminate emotional disturbances from 
non-emotional difficulties. It may be doubted, however, whether the same pairs of 
Indicators would always provide the best discrimination. Further evidence, from 
Studies with other word lists, should be collected before any attempt is made to 
Seneralize about the validity of specific indicator pairs. 

A final Point of some importance concerns the problem of using the word-association 
Procedure to select emotional stimulus material for experiments on perceptual 
"fence, repression, etc. The common practice of selecting words with LRTs has 
ttle to recommend it except its ready availability. Other single indicators, such as 
rgetting, would be more satisfactory criteria, and specified pairs of indicators 
Might, prove even more acceptable. But there is a severely practical objection to 
replacing LRT by one of these alternatives. Every Tesponse has its reaction-time, 
and even when a subject displays very quick reactions the experimenter can still 
Pick out those responses which had relatively long RTs for that subject. But ifa 
°rgetting criterion is employed, a subject who had perfect recall on the retest can 
only be dismissed from the experiment. Apart from LRT and GSR, which seems 
equally poor as an emotional indicator (Smith, 1922; Levinger & Clark, 1961), all 


y 
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3 irly 
the emotional indicators are dichotomous bier e. = _ e — au id 
xperi involving these indicators as a pane 
oe vr se eo eee make experimentation worth bed 
ing enough ti dh a high wastage rate among subjects; using pairs of bi 
bes Bip othe cdi ont prove even more impracticable. When mi oce 
T UE would bestudies ofthe reaction [in iecur y NINE 
we ought to experiment with departures from current oe va aciem 
either by establishing special stimulus lists or by manipulating the instruc 


; t 

4 indicators withou 

way, which would increase the frequency of the better emotional indicators 

impairing their validity. But this may be asking for the moon. 

7 i aty 

. ; a Universit) 

The data were collected when the esearch Student in the foa 

of Aberdeen. They were analysed Unive y of London. beds London 
report of this research was read as a paper to the British Psychological Society at its 

Conference in December 1963, 


author was a Carnegie R 
at Bedford College, 


REFERENCES 


Applications of Information 
Conceptions of perceptual 


ATTNEAVE, F. (1959). 

Browy, W. P. (1961). 
35. 

CoPELAND, H. A. (193 


n ork: Holt. 
Theory to Psychology. New York: pa jl. nO. 
defence. Brit, J. Psychol. Monogr. SUPH 


2). Familiarity of the stimulus in the word association test for m 
emotions. J. abnorm. soc. Psychol. 27, 89-9]. 
HUBBARD, L. M. (1924). Com 
Hooit C. L. & Lvcorr, L. 
Psychol. 4, 111-36, 


Larrar, J. (1955). Response faults in word 
abnorm. soc. Psychol. 50, 2. 5-70. 
LEviNGER, G. & Crank, J. (1961). 
abnorm. soc, Psychol. 62, 99-105. 
McCiatony, V, 


sities wit 
R. & Coorzn, M. (1924). A Psychological study of linguistic abiliti 

reference to the results of word association tests. J. exp. Psychol. 7, 371-81. n 
Rararonr, D. (1942), Emotions and Memory. Baltimore: Williams & Wilkins. I 


aa vol. 
Rapaport, D., Gir, M. & SCHAFER, R, (1946). Diagnostic Psychological Testing, 
Chicago: Year Book Publishers, 


SCHLOSBERG, H. & He 


casuring 


342-51. 
qs Loa z Ec sychol. 7, 342 

plex signs in diagnostic free association. J. exp. Psychol. f 
S. (1921). 


). 
iini J. ext 
n diagnostic free association. 


J: 


Complex Signs j 


association as 


se entropy: 
a function of response entro! 


+ tions: 
> : . n ssociation 
“motional factors in the forgetting of word associ 


nse 
resp! 
INEMAN, C. (1950). The relationship between two measures of 
Strength. J. exp. Psychol. 40, 235-47. 
Surra, W, W, 


(1922). The Measurement of Emotion. 
THORNDIKE, E 


-L& Lonaz, I. (1944). The Teach 
Burca 


London: Kegan Paul. 
au of Publications, Teachers Colle; 


m Se 
ow 
er's Word Book of 30,000 Words. Ne 
£e, Columbia University 


otk 


(M anuscript received 27 April 1965) 


Printed in Great. Britain 


EFFECTS OF A SUBSIDIARY TASK ON SHORT-TERM 


| Brit. J. Psychol. (1965), 56, 4, pp. 413-419 113 
| MEMORY 


Department of Psychology, University of Missouri* 


If there is a limited-capacity mechanism in STM then introducing a concurrent subsidiary task 
should adversely affect recall. Two experiments on free recall were conducted with card sorting 
as the subsidiary task. In the first experiment subjects dealt cards 
by colour, or into four piles by suit while lists of common E 
Subjects sorted cards only during presentation of the lists. < 
more demanding the number of words correctly recalled de ; t I 
sorting by suit was combined with free recall, and the payof (relative importance of the two 
tasks) were varied. Performance on both the recall and the card sorting tasks deteriorated as 
the other task was stressed. Differences in recall could not easily be attributed to differences in 
original learning, and the results suggested that the subsidiary task interfered with rehearsal 
and/or decreased total presentation time for free recall. 


into one pile, into two piles 
sh words were being read. 
the subsidiary task became 
vased. In the second experiment 


By BENNET B. MURDOCK, JR. 


The results of two recent experiments on short-term memory (STM) seemed to 
Suggest a limited-capacity mechanism of the type suggested by Broadbent (1958). 
In the first experiment (Murdock, 1964) the serial position curve for paired-associat 
retention changed with practice, but the decrease in primacy was balanced by 
increase in recency. In the second experiment (Murdock, 1965) it was found that, 
holding total presentation time constant, one could trade off repetition and presenta- 
tion time per pair. 


e 
an 


In both experiments it seemed as if the limitation might be on the rate at which 
information could be processed since, with total time constant, a fixed amount could 
| © recalled. If there really is a limited-capacity mechanism operating in STM, then 

it should be possible to decrease retention by introducing a subsidiary task. The use 
ofa Subsidiary task is best illustrated by a recent experiment of Broadbent & Heron 
(1962), There, subjects were given a digit cancellation task concurrently with a 
modified memory-span task. In effect, subjects had to listen to spoken letters of the 


alphabet, and report the one letter in ten that was repeated while at the 


same time 
crossing out 


digits with the target digit varying haphazardly. The former was 
Considered to be the subsidiary task; performance of the primary task (digit can- 
Cellation) varied both with the memory load required (manipulated experimentally) 
and the age of subjects. As the authors say, it would seem that. *... immediate 
Memory involves continuous action on the part of some mechanism which is 


also 
` Needed for perception, and that this mechanism cannot handle both tasks simul- 


taneously’ (p, 196), 
. In the present study two experiments were conducted as a further test of the 
limited capacity hypothesis. In both cases free recall was used as the STM t 

card Sorting was used during list presentation as the subsidiary task. 
experiment there were three different types of card sorting, and it was l 
that as the card sorting became more demanding recall should deter 


ask while 
In the first 
lypothesized 
iorate. In the 


. * Now at Department of Psychology, University of Toronto, 


Gen. Psych, 56, 4 
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B "er "ari t 
second experiment the ‘payoffs’ (or ‘instructions ; See Edwards, 1961) were var d 
see if the relative performances on the primary and subsidiary tasks could be chang 


ExPERIMENT [ 
Method 


perimental tasks. For free recall all lists consiste i 4th 
Pis uie they were two-syllable words taken from the Thorndike & Lorge (1944) ri pev 
G-count of 20 or above; homonyms, contractions, and archaic words were excluded. i ordet. 
were recorded on magnetic tape and played back on an ‘Ampex F-4460 Fine Line r notið 
Presentation rate was 60 words/min, obtained by synchronizing with an electric wm iat? 
beating once a second. Each list was presented only once; at its conclusion the subjec 
down as many words as he could remember without regard to order, <n py aih 
There were three types of card sorting: plain sorting, sorting by colour, and sorting "gardă 
Ordinary playing cards were used. For plain sorting, the subject merely dealt out as e black 
as possible one at a time. For sorting by colour, red cards were placed in a pile to the le | hearts 
cards to the right. For Sorting by suit, the arrangement was diamonds, spades, clubs, anc p 


od in 
reading from left to right, respectively, A relatively incompatible ordering of suits was used 
an attempt to maximize the difficulty of the task, nal to 
The two tasks were either performed Separately or together. When together, the sign zw 
Start card Sorting was given 2 sec before the first word in the list while the signal to stop po peli 
was given 2 sec after the last word in the alone the same duration (i.c. 27 as 9 
each list was 90 sec, and there W 


Snelish words. 
d of twenty common English w 


list. When Sorting 


"Sorting trial. ;ho wer? 
: y-four subjects, undergraduate students of both sexes W 
fulfilling a course requirement. 


asks given separately. ler). 

a r & by colour and sorting by suit (in that orde ortin£ 

last two were free recall trials Without card Sorting. Then came nine test trials with card i trials 

i before-aftor comparison, five additiona initi 

order here was the same as in the 

For the nine test trials each block of three contain 

conditions (i.e, plain, colour, or suit). Further. 

to ensure that (a) each list o 

type of card Sorting 
All subjects were 


rting 
ed one trial with each of the yt used 
; Counterbalancing with a Latin Square Y adh , 

ceurred equally often with each type of card sorting, and b o 
occurred equally often as the first, second and third trial within each P= 
tested individu : 


ally and the entire experiment required about 40 min- 


9n the first two (practice) lists were e 
ig Previous results (Murdock, ie het 
at arate of 60 words/min would be 7°? V 

The agreement seems cloge enough to Suggest that the sam Ja (of both subjects 
lists) was reasonably Tepresentative i 


j i re" y 

axing the Subsidiary task the poorer a s win 
as would be expected, al] Subjects sorted most cal aot” 
t cards With suit Sorting, Also of course there was 2 P 
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| effect; when sorting alone all subjects did better after than before (i.e.. making the 
s^ before-after comparison of the experimental design). If one takes as a base-line the 
‘after’ condition (so that the confounding with practice effects works to minimize the 
difference) the free recall task reduced the number of cards sorted by about 20%. 

ince again all thirty-four subjects showed this effect there can be little doubt that 
the inhibitory effect is mutual: card sorting reduced recall and the free 


-recall task 
reduced the number of cards sorted. 


1-00 


o— Plain t 
0-80 


O-—-O Colour 


Ove Suit 
S 0-60 
8 
b 
ke] 
È 
‘a 
Ei 
$ 
& 0-40 
0:20 
u 
uh 
0-00 
0 5 10 15 20 
Serial position 
Fig. 1. Serial position curves for the recall of items out of lists of twenty common words which 
had been presented at 1/sec while subjects carried out one of three subsidiary card-sorting tasks: 
plain (dealing into a single pile), sorting by colour or sorting by suit. 
e 
As is 


" Senerally true in free-recall experiments, extra-list intrusi. 
infr 


"Quent. A count for the test lists (i.e. free recall with card SO; 
he mean 


col 


ons were relatively 


rting) showed that 
number of intrusions per list was 0-75, 0-76 and 0:79 words for plain, 
Our and suit 


t Sorting, respectively; an analysis of variance gave an F-ratio less 
D ae unity. On the two practice lists (without card sorting) the mean number of 
. res Per list was 0-87 words. Thus, there is no indicatio 

as 


1 n that the Subsidiary 
* ha. any effect whatsoever on extra-list intrusions. 


w 
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F itions are shown in Fig. 1. 
inally, the serial position curves for the three conditions > -— a z etn 
E hag ee i "for e of all thirty-four subject: 
EAR the combined performance of : Je icd 
ach point is based on 0 ; ds rx jen cupa 
i ach of the three seri 1 À 
lists of each condition. In general e i i ealn 
En m nece effect: marked recency, slight primacy, and a level middle 
eie 1962). However, further consideration of the 
see ] k, 2). 


ifi D se 
ve significance of thes 
curves will be postponed to the concluding discussion. 


EXPERIMENT II - 

As a further test of the limited-capacity hypothesis, this cima, acie 

to determine if performance could be affected by varying the ‘payoffs’. ^ s "s puy- 

and free recall were combined on all trials; all that wasdone was to try to ame 

offs by the rather crude (but simple and easily understood) expedient ia s dim viuit 
subjects to ‘concentrate primarily on’ one task or the other. salt 
pulating payoffs by means of instructions can be found in Edwards (1961). 


Method 

Experimental tasks. The free-re, 
except that a differe: 
had the same charac 
card sorting 
diamonds, spades. 


Procedure and subjects. All subjects were give 


trials. The instruct 
(in part) read as follows: ‘During cach list you w 
However, what we are mainly interes 
task or the other, There. 
should emphasize Carp 
cards as possible and do; 
trate on the card sorti 


many words as possib) 


à respects 
as identical with that of Expt. I in all rest 


-ords 
T: : set. The wo 
as drawn from the Thorndike Lorge set. 'T 
ver; G-count of 20 


For 
a jc. F 
and up, two syllables in length, i ring 9 

" ES : » (de e 
was used; the same (relatively incompatible) or 


n twelve trial 
ions were 
ill have 


cree 
5, and both card sorting ni oe 
typed out for the subject to ges list 
10 sort cards as well as listen to ize one 
ted in finding out is how well people can HOD you 
fore, before each list Starts the experimenter will tell you whet a many 
SORTING or FREE RECALL. If the former, do your best to sort oneen 
n't worry how many words you can remember. In other words, aber as 
ng. If the emphasis is on Free RECALL, do your best to en. Br 
le and don't Worry about how many cards you sort, In other 
concentrate on learning the list.’ 

After the subject had read the structions he had to sur 
that the experimente 


€ hey were understood. ad in Bp 
The two experimenta] conditions (i.e. emphasis on card Sorting or frec recall) alternatt que 
ABBA manner and h 8 started with each condition, Thus, each list oceurred up Š 
often under the two conditions b "ach list the Subjeet Started card sorting as soon as he at 
the first word in the list and was told Xperimenter to stop sorting. on the first bo 
last word in the list, i 
ee subjects al] from the same 


there were no practice lists, 
the procedure was the same 


all twelve 


0 
rds 9 
P : š n wore 
se in nmarize them in his own 


ere 
:octs We 
Population as before. All subje jg 


a, ler 
In all other respects (for example: 
as that in Expt. I. 


The mean number 


of correct recalls 
4:09 words for 


Faa 
emphasis on fr 


" ro 51 
the two conditions were 5 


e 
oe th 
c ee recall ang card Sorting, respectively. ipm à je? 
Were no subjects who recalled more under the latter condition and only thre ign 
(equal recall under the two Conditions), the 20-0 split 
test. 


a sid 
is quite significant by 
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For card sorting, the mean numbers of cards correctly sorted were 16-6 and 23-0, 
respectively. (In both experiments errors in card sorting were so infrequent that no 
analysis was attempted.) Since all twenty-three subjects showed this effect. again 
the statistical significance is beyond question. To compare relative decrements, free 
recall under card-sorting emphasis dropped to 80% of its normal (emphasized) value 
While card sorting with emphasis on free recall dropped to 729, of its normal value. 
To a first approximation the decrements appear to be equal. 


1-00 


0:80 
O——O FR emphasis 


O=O CS emphasis H 


0-60 


Probability of recall 


0-40 


0:20 


0-00 
0 5 10 15 20 


Serial position 

Fi Tm 2 3 r 

hai 2. Serial position curves for the recall of items out of lists of twenty common words which 

Mee been presented at l/sec while subjects sorted playing cards into suits under instructions 

lich emphasized either speed of sorting the cards (CS) or the free recall of as many words as 
Possible (FR). 


E T ; : " 3 

io Xtra-list intrusions were again rather infrequent; and again there was no differ- 
e Sai : z : 

14 etween conditions. The mean numbers of intrusions per list were 1.26 and 


Me or emphasis on free recall and on card sorting, respectively; the 10-9 split 
^ ties) was of course not significant. The serial position curv 


Condit: 
iti in Fi i i 
ea Ons are shown in Fig. 2; again there is the marked receney 


es for the two 
and slight primacy 
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Drscvssrox 

The results were clearly confirmatory; card sorting depressed recall, the e 
taxing the card sorting the poorer the recall. and by varying the payoffs roe br 
affect the relative performance on the two tasks. Thus, as was shown by Broadber 
Heron (1962), use of à subsidiary task has a clear-cut effect on STM. «ha 

In any experiment of this type it is clearly desirable to try to separate es er 
effects of acquisition and retention (Underwood, 1964). Inspection of the two E d 
position curves clearly suggests that group differences cannot easily be attributec 
differences in degree of original learning. That is, zn 
example, when there is no ceiling effect) recall scores for the last few items iH a i 
may be taken as a measure of degree of original learning in studies of STM. In Exp 
the only visible difference in performance over the last four serial positions be 
the wrong direction (i.e. at serial position 18 recall with colour sorting was lower th 
the other two conditions); otherwise the cury 


aes ; In 
yes appear to be indistinguishable. nat 
ün g e i : it10118; 
Expt. II the two curves were again indistinguishable for the last two serial positi 


ee 
e. Thus, it may be suggested that deg! 
affected by the subsidiary task. 


sane E e AEN ask 
* One Possibility is of course that the subsidiary : sd 
prevents rehearsa] (or, in Broadbent's model, recirculation of items in the short-te 


store) and the rehearsal (particularly of early items) is necessary to prevent u— 
g the subsidiary task op the more attention given it the ao 
- The fact that there are fairly marked nn 
in the front porti i ition curves (i.e. primacy effect) is not wir? 
not necessary to conclude that n 
al is more difficult because variation? 
the nature of the subsidiar 


: ions (for 
under certain conditions (f 


been shown (Murdock, 1960) 


a linea" 
function of total presentation 


that free recall after 4 Single presentation is ¢ ‘diary 
time, and it Seems not unreasonable that the subsidi’ he 
ing time, As one bit of indirect evidence, in Expt. an 
colour and suit only) was essentially the same (18 - 
us the free-recal] task. If the information-proces g 
a S Independent of free recall then perhaps the conv i 


n : a rstem 
€-division multiplexing syste 


nts seem to show quite iru! arit 
effect on STM. While the formal simi the 
Tecall task would seem to be ro iatin£ 
(Potentially interfering) verbal c a d 
c c ^mally, the use of a subsidiary task ™@: to 
a useful technique in studies of STM, Instead of à subsequent task design? 59) 


rial (e.g. Brown, 1958; Peterson & Peterson. o th? 
rent tasks with low forma] similarity are a better solution * 


V" 
wz 
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TWO ARTISTS WITH PROTAN COLOUR 
VISION DEFECTS 


By R. W. PICKFORD 


Psychology Department, Glasgow University 


Two artists, one a protanope and the other protanomalous, were given tests of colour vision, 
ineluding anomaloscope tests. Both knew that they had some kind of colour vision defect, but 
both considered that it had not affected their art to any extent. The protanomalous artist liked 
to make golden yellow, blue and red contrasts in his work, but he seldom used greens. The 
Protanope usually made fawn, yellow, orange and blue harmonies, from which reds as seen by 
the normal eye were excluded, and he used greens where appropriate. Both art ists may be said to 
have exploited contrasts and harmonics of colour which made their work acceptable to the normal 


as wo 
S well as to themselves. 


t k à previous paper the writer (Pickford, 1964) reported on the colour vision and 
Paintings of a deuteranomalous artist. The present paper deals with two other 
artists, an amateur and a professional, who had protan colour vision defects, the 
amateur artist, Mr Pratul A. Ray, being protanomalous, and the professional being 
to rotanope, The writer would like to record his appreciation of the trouble they 
*In carrying out tests and answering questions, and their courage in allowing him 
es Publish this paper. If an artist could be found who was a deuteranope, it would 
a the series, except for rare defects. 
" he Writer has given an account of the colour mistakes made by a deuteranope in 
Mm in colour a painting of a woman and a cat sitting by a fire (Pickford, 1951, 
a am His mistakes, such as making the yellowish edges of the flames lime green, 
ina red flower-pot green, and the violet sleeves of an apron bright blue, are the 
Lene of mistakes which a deuteranope would be expected to make. He was not, 
The Wel an artist, except in the sense of taking an interest in copying paintings. 
P et paper will show that if a colour-blind or colour-defective person is to 
Bante, & successful artist, either in an amateur or a professional way, he must 
80 € mee consciously or unconsciously, a technique for adapting his choice of colours 
ot in it fits in both with his own and with normal people's colour vision, and does 
volve downright confusions of colour made unintentionally. 
W previous paper (Pickford, 1964) the writer referred to works dealing with 
(Co ling, A of defective colour vision in art, and these should be mentioned again here 
tevor-R 925, frontispiece and pp. 171-82; Pickford, 1951, pp. 197-8; Riddell, 1949; 
Problems Oper, 1959). In addition, Kalmus (1965) has given a useful account of the 
S, and Strebel (1933) and Pickford (1965) should be consulted. 


A PROTANOMALOUS ARTIST 


r : , 
Scot] Pratul A. Ray, an Indian teacher in a special school for delinquent boys in 


am mi aged 36, said that he was colour blind, and agreed to be tested. He is an 
Ur artist of some ability, has exhibited paintings in India and Scotland, and is 


Parti 
cular , 
ular ly successful at running a voluntary art club for the boys in the special school 
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in which he works. He came to the Psychology Department, Glasgow Lm 
where he was tested by Dr A. Adam, of the Tel-Hashomer Government Hospital, 
Tel-a-Viv, Israel, who was then on a visit sponsored by the World Health Organiza- 
tion, to research on colour blindness and its inheritance. 


The subject's colour vision 


The following tests were carried out by Dr Adam, with the results shown, but the 
Nagel anomaloscope test was carried out by the writer. 


ing 
(1) Ishihara Test. In this test he made the following readings, the correct reading 
being given in brackets for comparison: 


Plates 1-5: (12) 12; (8) 3; (6) 5, 8; (29) 70; (57) 67; 
Plates 6-9: (5) 2; (3) 5; (15) 17; (74) 21; 

Plates 10-13: (2) —; (6) —; (97) ; (45) 

Plates 14-17: (5) —; (7) —; (16) —; (73) 

Plates 18-21: (none) 5?; (none) —; (none) —; (none) —; 
Plates 22-25: (26) 26; (42) —2; (35) —5; (96) —. 


This amounted to twenty 


e 
plates wrongly read in twenty-four, the first of th 
twenty-five being a ‘joker’ re 


adable by everybody. Owing to the facts that he re? 
Plate 22 correctly, but saw the right hand, or purple figures, in Plates 23, 24 and ^ i 
rather than the left hand, or red figures, he would be classed as a protanope: or 
protanomalous, on this test. 


(2) Farnsworth Dichotomous Test (Panel D-15). This test he did correctly twice 
but slowly. 


ject could pass the Farnsworth = 
shows that it is not a satisfactory tes’ 


Table 1. Results of the Nagel anomaloscope test for the Indian artist, 
showing him to be protanomalous 


m Matching range Mid-point Brightness 
ed-green 62-64 63 5 
Normal 39-5-40-5 2 
Green-blue 5-11 E 19 
Normal 6-5-7-5 : " 


(4) Pickford-Nicolson anom 
1961) there are three tests. In th 
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This test confirmed the diagnosis of PA with a rather large matching range, as the 
usual matching point on this particular instrument for normal subjects is 25 units, 
With a matching range of about one unit. and the brightness is about 20 units instead 
of 11 units at a RG scale reading of 11 units. His results were somewhat variable. 

On this anomaloscope he also did the blue-green test and the yellow-blue tests, with 
the results shown in Table 3. In these tests he also showed small deviations of mid- 


Table 2. The Indian artist's results on the Pickford—N icolson 
anomaloscope : red-green test 


Matching range 


Trial Red-green Mid-point Brightness range 
1 10-27 18-5 10-27 
2 11-16 13:5 11-16 
3 1l- 16-5 11-20 
4 11-25 18-0 11-24 
Normal +05 25 112 0:5 


Point (towards green and towards yellow), considerable increases of matching range, 
ine a loss of brightness towards yellow. Thus he is not only protanomalous (PA) but 
also green-blue and yellow-blue weak. 


Table 3. The Indian artist's results on the Pickford-N icolson 
anomaloscope : green-blue and yellow-blue tests 


Brightness 

Matching range Mid-point mid-point 
Green-blue 39-49 44 62 
Normal +05 44 62 
Yellow-blue 16-27 21-5 32 
Normal +05 20 45 


M colour vision differs from the normal in the following ways: (a) the 

Yellow of the spectrum is greatly darkened for him; (b) he has some confusion of 

sul with green, and, when sufficiently darkened, with red; (c) desaturated blue 

and [ne are to some extent confused ; and both yellow, when sufficiently darkened, 

» seb tend to be confused to a certain extent with greys. At some times, he is 

ut] weak enough on red and green to be called extreme protanomalous (EPA) 
1e is definitely not dichromatic. 


The subjects paintings 


nd art is very characteristic. He uses saturated reds, blues and golden 
e not 1, o make vivid contrasts, and his paintings are powerful and dynamic. They 
ut, as tr se nig and he does not paint to imitate perceived objects or scenes, 
ans xplained in the notes given below, to express his inner feelings. He rarely 
R d s en. In a conversation with the writer recorded in shorthand by Miss B. J 
> Secretary of the Psychology Department, Mr Ray has explained some of Jis 


ity 
e - ie ë 
Bas S to his colour vision defect and to his art. The conversation is given 
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Answers by Mr Ray to questions about his art 


Did you know you were colour blind 
when you did the paintings? 

When did you find out? 

How? 


Was this a great surprise? 


Did it make you think about art in a 
different way? 


Can you tell us whether your colour 
vision has any influence on your 
choice of colours in painting? 


You know that you use red, gold and 
blue in the main, and seldom green? 

Did you think this was due to your 
colour blindness? 


Does red seem to have a st rong quality 
for you? 


It could be adequate when you use very 
bold colours as you always do? 
Is this due to over-cor 


mpensation for a 
deficiency ? 


As for your present attitude with your 
present knowledge that you are a de- 
fective in colour vision, do you think 
your feelings about your paintings will 
be changed? 

Is there anything of a 


you could tell me 
colours? 


general kind that 
about your use of 


In your contrasts, you never choose 
green to contrast with red, 


Is this because you did not like green? 


None of your paintings are realistic, 
and your colours in them always reflect 


your mood rather than the real ap- 
pearance? 


Tell us more about how the knowledge 
of your colour blindness affected you. 


Yes. 


1947. 


- jas nivendi 
I went for my Army Commission and was given 
colour vision test and failed that test. 
š o " thing 
Yes. A big surprise, as I did not know anything 
about having defective colour vision at all then. 


No. 


+ ting 
Possibly, but I am not aware of it when painting 


Yes. 


ret 

It could be, but as I said, I am not aware of the fi 
that I am colour blind while I paint. It never 
crosses my mind. 


- blind. 
Yes, to me! Now that I know I am colour p 
I feel it must bo quite different from the norm 
Standard. 


Yes. 


Possibly. Again, not planned. 


I do not think so. No, T might, perhaps, rationaliz? 
but that I guess would be done quite uncon- “a by 
sciously. In any case, T am not easily influence si i 
the so-called standards of normality as far as 37 
concerned. 

When I 


i. js T ; ood, 
am painting, and if T am in a gay m 
Tam in 


clined to use bright contrasting colours o" 
the lines I draw have a definiteness to eee 
natural exuberance T feel then. I like contras an 
them and at tho samo time planning them oi 
Overall Soothing effect. The opposite of this oe ; 
ment is also applicable, depending on the mo plue 
Very seldom, It is usuall 


to contrast, with my red. 


lam Very fond of the colour green. 

Yes. Quite true. M 
Characteristics of 
inward looking. 
process, 


y yellow I choose, OF 


she 
tid! I 


olf’ 


ost of my paintings havo t 
an introvert. They are ace 
They are part of a ‘know t 
me 

The knowledge that I was colour blind nover one 
88 à shock, Tt wag a surprise without shock ick 

or a long time after this I preferred to take eld of 
and white photographs, my first love in the 
Creativo activity, rather than coloured one’: re 
not afraid of colour, but I found I could exP 
myself better in black and white. 


rw! 
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Did you never make black and white No. But I have started taking colour photographs 
Paintings? seriously and I quite enjoy taking coloured trans- 
parencies now. 
Do you think your colour blindness has No. As a matter of fact I think it helps me to ap- 
any effect on your appreciation of preciate the modern painters much more than the 
other people's art? others. Some of them must be colour blind by 


design! I do not get a shock when I see violent 
outbursts of colour on a canvas. They sometimes 
provide a sense of camaraderie ! 


TR : s 

Perhaps you do not see the outbursts of I see them, but not necessarily what a normal person 
Colour! would see on a canvas. 

Does your wife like your paintings? My wife always says she likes them, but does not 


want to live with them. I have been trying to find 
out why. The reason must be that they are too 
exuberant and too violent. 


Can YOu give any examples of difficulty Yes! At a cricket match the score board is black and 
With colours in daily life? they put on a red light to indicate the bowler. 
` I could not find this red light, and always had to 
ask who was the bowler. I had no diffieulty with 
traffic lights. 


A PROTANOPIC ARTIST 


A Professional artist, who said in general conversation that red had a different scale 
SE values for him from what it had for most people, was invited to undertake tests of 
colour vision, 

"iin Wrote: ‘as a rule large areas of colour give me no trouble but small dots or 
Ow stripes confuse me’. f 

i his paintings, both oil and water colour, he uses many colours like ochres, 
, Wns and blues, but trees and other objects which he knows to be green he paints 
Steen. When ‘red’ (for him) is introduced it is normally a rather dark orange, and 
hardly uses real reds at all. Thus his paintings may be generally quite true to 
ls bie if he chooses subjects like a Majorca sea-and-landscape, in which blues appear 
an in and sky; brown, grey and fawn for the hillsides; and often there is no red, 
exla S green except for a few olive trees on the hills. Purple and violet are usually 

ed. Although green is used when appropriate, it is sometimes crude and harsh. 
ins 1S no tendency to use red and green for structural purposes or in contrast, but 


1 : 
® Yellow, brown and black will be used freely in such ways. 


he 
Nat; 


The subject’s colour vision 

) Was tested with the following three tests, in order: 

Shihara Test. He did the Ishihara Test, with the results given below, which 

that Pd errors on all of the twenty-four critical plates, and this test left little doubt 

Purp e Was a, protanope or protanomalous, because of the readings of ‘5’ and ‘6’ on 
ots to the right of the Plates 24 and 25. This confirmed the impression given 

Visio 5 first comment that red had a different scale of values for him, because in his 

dark l * red or left-hand figures are darkened so that they cannot be seen against the 

"ey background dots. 
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Correct Correct . 
reading Subject's reading or readings reading Subject's reading or readings 
12 12 in orange dots (strong) on pale green- 5 Spots of yellows, dark reds and pinks 
grey background of dots 7 Spots of yellows, dark reds and pinks 
8 Faintly as ‘8’ strongly as ‘3’. Sin pink 16 Similar, with some green spots 
dots (poorly defined). Background 73 As the last plate 
dots yellow-brown, light red, ete. None Possibly a figure ‘5’ 
6 Same colours but figure doubtful None Figure ‘2’ rather better defined than 
29 70. Same colour scheme as above no. 18 
57 35. Same colour scheme (poorly de- None Might be ‘45’ 
fined figures) None Uncertain — 
5 Indefinable 26 Red spots in left half, purple spots ° 
3 ^ Appears to be figure ‘5’ right half of circle. Do not form re- 
19 Appears to be figure ‘17? cognizable pattern 
74 Figure ‘21? fairly plainly defined 42 Similar to the last but different 
2 Quite indefinablo arrangement 
6 Quite indefinable 35  Figure‘5’in purple spots at right " 
97 Quite indefinable 96 Very undefined. Might be ‘6’ in pin 
45 Quite indefinable 


and purple at right 


(2) The Farnsworth Dichotomous Test (Panel D-15 


t 
). In this the subject has to 5e 
fifteen coloured caps in order 


z z aa B 
> Starting with a blue test cap, P. His order was * 
75 


ish 
“green, green and yellow-green to yellow, "—-— h 
ments he made imply that he confused purples W 


Shortenin of th 
confirms the Ishihara Test. i 


: everyday life th 
S colour vision. He said he had 


eyes, but he was never certain that + 
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m 
The artis i 
rtist was k 
on Y was kind enough to answer a number of questions about his colour 
and his art and they are given below, with his answers. 


Answers by a protanopic artist to questions about his art 


You w 

oe went to a school of art? 
id i 
Aero find you had unusual colour 
Vision there? 

Wh i 
ie en did you find out that your colour 
ense was unusual ? 


Wha i 
t colours gave you most trouble? 


R : 
eel has a different scale of values for 
you, I believe? 
Di 
s the knowledge of your unusual 
our sense affect your art? 


Does į 
= it affect your ideas about other 
People’s art? 


Wi 
sin other people think of your 
i É. . ; 
Mna from the point of view of 


You 
Rts aro not aware of compensating for 
Y deficiency ? 


Blac 
riga white art was not adopted 
Se of yor iai " 
Unusual? your colour vision being 


Yo 
un S 
Edi earned your living as a colour 


Yes! 
ae Please do! (Here he showed 
h eral portfolios of calendars and 
ristmas cards.) 


una 
notice you don’t use reds much? 


But ] 
that is simply tho printer's ink. 


Is 
Your e, : 
Ur colour visi ‘able from time 
© time? ion variabl 


Yes. 
No. 


Gradually. When I was in a commercial studio in 
Sydney, about 28 years of age I used to get a bit con- 
fused, and I noticed that small areas of colour gave 
me trouble. When I was playing snooker the brown 
and green balls were confusing; not the red or black. 


Orange and green on the one hand, and lavender and 
blue on the other. 

In the distance it does not stand out anything like so 
much as violet or blue. 


I don’t think so because I had no means of judging 


what other people saw. 
I find myself agreeing with the colour choices of 

other artists. It is all so jndividual; we have our 
likes and dislikes and there is no more to be said. 
ome don’t. I exhibited two of 


Some like them and s 
ed and people seemed to like 


those you photograph 
them. 

It is difficult to say. I look 
judge. If I can please mys' 
I never can do that fully. 
done nothing but black and white w! 
happened, owing to circumstances. 


No! I was offered wo 
illustrations. 


on myself as the sole 
elf I’m satisfied. But 
For fifteen years I've 
ork. It 


rk after tho war in maps, and 


Oh! Yes! I did! I'll show you some of the hideous 
tripe one does to keep the pot boiling, if you like. 


nd one calendar were best 


Two Christmas cards @ 
t of stuff. They have lots of 


sellers; Dickensian sor 
colour in them. 


Oh! I wouldn’t say that. I 
There is a lot of orange-re 
lighted windows. Many of the cari 
and red, for instance. 

Yes! But, if you want your red to tell out you put 
it on a small area. This is more an artist’s dodge 
than something due to my colour vision. 

What I see often varies considerably. If I look ata 
thing and say it’s orange or lime green, and then 
look away and back again, it may seem different. 
I suppose these changes occur from day to day. 

hing: I’ve been absolutely honest with 


There's one t 
you, but it's hard to give a decisive answer some- 


times to some of your questions. 


wouldn't agree with you. 
d, and there are brightly 
ds are in black 
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In summing up, it could be said that nothing unusual would be noted about this 
artist's colour work unless we knew that he was a protanope. He is extremel y skilful 
in using colours, and never makes a blunder as m 
Apparently he is not conscious of any kind of deliberat 
for a defect. It would be noticed that he uses browns, black, ochres, yellows, oranges 
and greens, where they are appropriate, and to give highly sensitive colour harmonies 
and contrasts. One might notice that he avoided red, Supposedly because of aesthetic 
taste, although he himself would not think that he avoided either red or red-green 

hat he is a protanope, it is clear that his use of 
special characteristics and limitations of his colour 


any colour-blind people do. 
e adjustment or compensation 


vision. 
If we ask what are the characteristics of his colour y 


accepted views at the present day, he is like the chemist Dalton, and lacks sensitivity 
to red altogether. His vision must be made up out of varying saturations and 
combinations of what we should call green and blue. This interpretation is based on 
the view that all protanopes absolutely lack the red-responding substance in their 
eyes. For this artist, however, the red end of the Spectrum spears to be less com- 
pletely darkened than it is for some protanopes, although he can match any red with 


his would Suggest that all protanopes 


responding subs $ > present 
to a small extent, but that it exci ponding substance nay niam g 


e as the green-responding 


n mechanisms or pathways. This is 2 
sion defect, and its " jb of his rmality 
may accord with the fluctuating tendency in Pone dnd a z ir rrepa 
noticed in a number of colour-blind subjects, Sometime tl PF Paini var 
comes into action, but it is readily put out of action by des 
fatigue. Thus he is more res ow and » 
many protanopes, but this 

mas Bi a except that they ag Sees these parts as different fron! 
red freely i 


ision, on the most widely 


si ot ted, blue, black and yellow, with 


eristic * Puerto de Soller Majorca’, by th* 
s range of colour in this case very true to 
; i n 
ill-si i ins, while brown, grey d 
ill-sides, There is almost no red, and only a uggostion 
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constructional patterns in yellows and blues because he found that people liked them. 
In some paintings he introduced strong red colours, and in others rather less marked 
greens. Coloured illustrations of some of these paintings were given. 

In this paper it is possible to see the influence of protan defects of colour vision on 
the work of two artists. The first, a protanomalous subject, uses red, gold and blue 
to build strong designs, but very seldom makes any use of green. It is certain that the 
reds he uses must be much darkened in comparison with the way we see them, and 
yet his paintings are aesthetically satisfying to us. The absence of greens appears 
as if it were a matter of aesthetic taste, and yet it must be determined at least in part 
by the relative weakness of red-green contrasts for him. Red and green will be to a 
certain extent like vellow for him, and he has chosen to stress most the one, namely 
red, which is for him the less visible of the two. Nevertheless he likes greens. Yellows 
look much more like greens to him than like reds, and this may be why he can employ 
them to provide contrasts with reds. . . . 

In the protanope's art we see an extremely skilful avoidance of possible difficulties 
and faults which might be caused by his peculiarities of colour vision. Red, as for 
Mr Ray, is greatly darkened for him, and red or green, in so far as red can be seen at 
all, are indistinguishable. What he calls yellow, orange and red must be different 
intensities and saturations.of green, except that there is evidence that he is not an 
Absolute ‘loss? type of protanope, but may see red light to some estan — Due it 
Will not be distinguishable from green except in brightness or saturation. Unlike 
Mr Ray, he seldom. or very rarely, uses what we should call saturated reds, but sub- 
Stitutes colours which to us are dark oranges and yellows. Greens he does tins. ine 
ean understand a red-green defective artist avoiding the use of pie red a 
cause they are not as clearly different as to us (for a deuteranoma ir n : d id 
Mr Purdy or the protanomalous artist, Mr Ray), or they are completely a T zii ae ec 
Protanope, if equated for brightness). The three artists considered : so " des 
Problem each in his own way. By preference, Mr Purdy uses neither re lm 
ut he does sometimes employ the one and sometimes the other, ee € i 
together, Mr Ray seldom uses green. The protanopie artist almost nev pope ren 

ll their work is a tribute to the skill with which they can avoid the p "s "d 

is Something like the language of a person who carefully Hine ae " hn 
Which he is not sure of the meanings. It appears to the writer that this s d " cu 
Attained unconsciously by Mr Ray and the protanope artist, but cm i E 
Sciously by Mr Ponily, who had some training in p ee en spei scm 
- PPreciation of the peculiarities of his colour vision. Mr ay als iis wg 
is Psychology. Absolute mistakes of ine dod. tn M on die 
hp E the petals of a rose Say anelli appropriate. Intentional and 
Aesth e —— re ia f anions of this kind, such as making à horse blue, 
Pini P. inci nes ey artist who was not colour blind, and therefore, 
as Seen ipu nes dona : liarities ing used by colour defective artists 

his paper, the pecu 


of colouri 
n 5 
“ to be due to skilful avoidance o 


f errors and adaptations of their own colour 
choj i » vision, rather than the exploitation 
of Pid to be satisfactory also for normal colour vis 

"controlled blunders. 


18 interesting that the protanopie artist wr 
9 


ote in answer to a question about the 
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Z ime and 
artist Léger (1881-1955); ‘I have known the work of Fernand Léger a long vime one 
always admired it very much.’ Léger may have been the colour blind artist, ‘C.E. , 


pe. Presumably some harsh contrasts 
ck bands or stripes in a painting called 
would be less harsh and perhaps more 
rson with normal colour 

yserved by viewing such a 
painting through a blue-green (minus-red) filter of glass or gelatine, Then it is like 
other paintings by Léger, such as ‘Leaves and Shell’ (1927), 


Ayn Exr 
Since this article was written ano 


is a fifteen year old school boy who has unusual artistic ability. He knew he had 
defective colour vision because of difficul 


ty with red, brown and green billiard balls 
at snooker. He was tested in the Psychological Laboratory by Miss Mollie 2 

g tests: (1) The Ishihara Test (result — 4 
errors on 24 plates; protan); (2) maloscope (red-green test result- 
49 € 23; normal reading 40; (3) -Nicholson anomaloscope (red-green 
test result — 20-5: 20-5; normal read; - These tests showed that he was an 


not make outright blunders» 


nation, [t is interesting that a boy 


“greed hue discrimi 
to avoid outright blunders of colour in his art. 


of his age had already learned 
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SKIN CONDUCTANCE CHANGE AND SENSORY 
DISCRIMINATION 


By R. S. CORTEEN axd A. R. BLACKMAN* 
Psychology Department, University of Edinburgh 


The relation between mean log. change in conductance and sensory discrimination was investi- 
gated, Highly significant relations were found with CFF and two-point tactile thresholds. No 
significant relation was found with discrimination of a pure tone from background white noise. 
An attempt at explanation is offered in terms of a cortically controlled centre mediating a sensit- 
izing or orienting response of which conductance change is a peripheral manifestation. 


Apart altogether from specific sensory defects, individuals vary in their ability 
to make sensory discriminations. There seems to be some evidence that this inter- 
and intra-individual variability is a function of a common central process mediating 
all sensory reception (Duffy, 1962; Venables, 1962). Covian, Timo-Iaria & Marseillan 
(1961) state that ‘activity in sensory systems is subject to modification by central 
regulatory mechanisms and background states, sufficiently pronounced to be capable 
of influencing perception and so to be of interest for psychology'. Recent discoveries 
Concerning the physiology of the nervous system, which will be briefly reviewed later, 
Seem to indicate that this process is located in the non-specific reticulothalamic 


System. It therefore seems reasonable to assume that if we can measure some 


Manifestation of relevant activity in this system we should find that it relates to 


Sensory discrimination. 

A recent review by Duffy (1962) 
Seem to imply that sensory discrimination 
evidence reviewed by Duffy is mainly indire 
curvilinear relation between activation and sensory sensitivity. Venables related 
Testing skin potential to temporal visual discrimination and reported correlations of 

tween — 0-64 and — 0:85, but only for subjects falling within a certain range of 
Negative Potentials. He found no evidence of a curvilinear relation. , 
Resting skin potential has sometimes been observed to be related to resting con- 
uctance levels, but there is also evidence that no such relation exists (Tolles & 
arberry, 1960). This is emphasized by the fact that Eysenck & Warwick (1964) 
ound no relation between basal skin conductance level and two-flash thresholds. 

e experiments to be reported here, however, were initiated on the assumption that 
4 relation would be observed between basal conductance level, generally assumed 

9 be a measure of general activation level (Malmo, 1959), and sensory discrimination. 

Nall cases measurement of resting conductance level was made with apparatus using 

an a.o, Source, similar to but more sensitive than the apparatus used by Tolles & 
arberry (1960), in order to eliminate problems of electrode polarization. k 

ù à pilot study, using thirty-three male subjects between the ages of 15 and 18 yr, 

> elation was observed between two-point tactile thresholds, measured on the nape 

e neck, and basal skin conductance level. When, however, the mean skin 


gy, McGill University, Montreal, Canada. 


and some reported research by Venables (1962) 
is related to general activation level. The 
ct but on the basis of it she hypothesizes a 


* Now at Department of Psycholo 


w 
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:onductance change (GSR) in response to twenty words read to the subject manm 
eges tina was found to be significantly related to the two-point thres a 
Ds difisenas between the mean thresholds of the group with vx cm le 
level and the group with below-average GSR level was highly significan 

DT). i ee 
m cbe "à somewhat unexpected, particularly in view of V € r 
and conclusion. An obvious assumption was that GSR Isa manifestation of the c 
mediating process mentioned above. But the experiment w 
have any such far-reaching conclusion based u 
with a more thorough investigation utilizing 
sensory thresholds. 

The experiment reported here was therefor 
between (a) basal conductance level and visual, 
thresholds, and (6) mean GSR 
visual, auditory, and tactile dis 


av o 
as not decisive enough t l 
. H : "ac 
ipon it, and it was decided to go ahes f 

pus ination 0 
à more sophisticated determination 


€ designed to investigate relations 
auditory, and tactile isasi ping 
(log. change in conductance) to twenty words anc 
crimination thresholds, 


Subjects METHOD 


Sixteen male undergr, 
as subjects. Their age 
auditory defects, 


aduates from the 


Psychology Department of the 
S ranged from 19 to 


sed 
University were usc 
32 (average 32.5 yr). 


V -an visual or 
None had any known visué 
Apparatus 

The apparatus for measuring 


stone bridge u 
into a quick- 


conductance level and change consisted basically of a iniecit 
nit fed by an oscillator. The current from the bridge was amplified before pum 
arms of the bridge tances; the thie 
and capacitor in parallel 


ith & 
stance in parallel w P th 
m was judged to be equal to that of the subject when the w 
of the oscillatory trace on the recording Paper was at a rr 
Practically a few millim 


control unit. The 
placed, 2 in, diam 
aperture was at the subject's eye- 
subject. The flash le 


thi 
ngth was j 
c/s, and the intensit 


Pproximately 36 in. fron 60 
3 the flash-rate Was variable over the a be 
ark ratio v -lamberts, It should be noted that whilst 
ote, atio Varied directly with the flash-rate. - 
8 instrument Was set to g Casurement of the auditory diserin 
into either headphone, the i 


aset 
; © pure 1000 e st ‘hich could be pit 

: ntensity of the note being variab] ÍS tone which e 

factured by ‘ Peters was used to Benerate white noise wl n B 
The audiometer is so calibrate, uch wag 


je 
5 ssedl i arphor g 
d that it measures he, passed into both car[ n 
note passed through the 


üring loss, not the actual intensity ° ige) 
pre-set threshold int : i noi? 


in 


M + alao mat M 
An auxiliary unit also 


ensities (without the white 
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are — x 
a TA crai a test group of subjects bet ween the ages of 18 and 25 ycars with 
Seite n cine 1 m ning in completely silent surroundings. The white noise provided a 
tia mmy im Sia rom w men the single note had to be discriminated, and it served to mask 
Thu a e poke OUS noises W hich are inevitable outside a sound-proofed room. 
of rim E "eni ke — à wo-point tactile threshold wasa simple aesthesiometer: a pair 
A metal strip enit " he lita; ; gp by bludted togae ey ue right-angles to the arms. 
of the aaa rh oy ae e ve the separation of the points in millimetres, was attached to one 
ovario s. he handle of the nesthesiometer was lightly clamped so as to allow freedom of 
nent only in the vertical plane. 'This ensured approximately equal pressure of the points 


[5 v aler P 
n the skin over all the trials. 


> 
Procedure 


s PREIRES atio washing his hands, was seated in the experimental chair, and his right hand 
Bud oven a "n arm-rest so that the two eleetrodes wero in contact with the palm. A strap was 

1e hand in order to minimize movement. The subject was asked to sit comfortably and 
he controls of the recording equipment. Light conversa- 


relax whi f : 
X while the experimenter adjusted t 
he nature of the experiment were not answered, except 


eae kopi up. but questions ns tot 1 
The foll subjects that no noxious stimuli were to be used. : . 
ordinar d instructions were then given s the subject : I am going to read out a list of 
in ERE s to you. They will come at about 20-30 sec intervals. You should not say anything 
Any Doa o the words, just think about them. Please try and avoid moving your right hand. 
stions?... Please close your eyes, now. and relax; do not speak, just think about the 


n as you hear them.” 

sijat 2n the subject's level of resistance | 

level of s red (the drop in resistance) SVS recor 

Words in m had again stabilized. This procedure 

Width duels ist (list D I he sensitivity of the preamplifie 

Set before "d us GSR. The variable resistance and capac 

The thon a: 1 word to give a minimum trace width. . 

rder was equipped with an event-marker whic! 


iad stabilized the first word was read out. The 
ded, and the next word read out when the 
was repeated for each of the twenty 
r was adjusted to maximize the trace- 
itance components of the bridge were 


h was activated by the experimenter 


at tho 
gas moment of stimulation. i . . . 
ifferont r the same procedure was carried out at the end of the experimental session, using a 
ist of words (list 2). In the intervening period, the subject's right hand was released 

in the temperature 


Tom the 
he strap, partly to prevent discomfort and partly to avoid an increase 


of 
a minimal 


^t 
P palmar surface. 
16 aj A 
emoti um was to use neutr: 
In 2 connotation. 
he interval between the two sets of recordings, measurements were made of the subject’s 


Uscrimi 
ir : P 
(a) nination thresholds in three sensory modes. 
(CFF) was chosen as the measure of visual sensitivity. 


The db The critical flicker frequency r e 
icker eap s task was to tell the experimenter, who was slowly increasing the frequency of 
Procedi the stroboscope lamp, when he thought the flickering light had fused. A similar 
lin b was earried out while the frequency was slowly decreased from well above the CF F; 
Wero pi Ject was asked to indicate when he could first distinguish regular flickering. Five trials 
q iota Sn cach direction, the first in each case being considered a practice trial and the result 
b) Eo The subject's CFF was taken as the average of the eight remaining trials. 
White aa The subject's task was to discriminate à 1000 c/s tone from a background of 
Sith; hoe A constant level of white noise was fed into both earphones and the single tone into 
o WAS right or left carphone. Again the method of limits was used: the intensity of the single 
Era, S decreased until the subject indicated that he could no longer hear it; it was then 


di » r À b á P 
Bote Increased from a subthreshold value until the subject reported hearing it again. 
i and for each ear, the results from the first trial in each 


e als were given in each direction 
sensitivity used was the average threshold value 


Se be; 
`j M a 
Over ü ng discarded. The measure of auditory 

t e units of measurement were to some extent arbitrary, as 


al words as stimuli; those chosen were considered to have 


ey re] remaining twelve trials. The t i 

sines o ate to stands derived from measurement of absolute threshold, but this was immaterial 
relative rather than an absolute measure was required. 

was the two-point threshold. The area of 


(c) TT 
actile. The measure of sensitivity in this mode 
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ar he 
in chosen was that at about 3 in. above the wrist on the inner aspect of the left coegi 
"rm i eds traction were given to the subject: ‘Please close your eyes. I will be placing 
e has on your skin just above the left wrist. Tell me in e : ae 
aa on oints.’ Fifteen practice trials were given at different distances of separ pos 
- dus D ond Bb em. Then twenty-five trials were given at ] em intervals centred arounc 
threshold as estimated from the practice trials. The distance 
and the two-point threshold was taken as that distance 
to be ‘one point’ on 50% of the Occasions. 

The experimental room was kept at a temper. 
session lasted approximately 3-4 hr. 


: ink 
ach case whether you thi 


E " TM der, 

3 were given in a randomize Ad 
C Pa H = Sirga [s 

of separation which the subject judg 


— ‘imental 
ature between 20° and 22° C. The experimen 


RESULTS 

Table 1 shows the ‘mean GSR’ ( 
expressed as the logarithm of the av 
words of list 1 and list 2, Variables 2 


moment correlations, also shown in Table 1, w 
variables (2, 3 and 4) and mean GSR ( 
quadratic relations. 

The curves of best fit were: 


Variables Regression equations 
~ 
y e 
2 Y = 1-7482 + 49.323 
(y = — 219022 = 0782x + 49-013; Significant linear relation) 
3 1 No Significant linear relation 
4 1 y = — 10-0437 + 25-308 
y = — 7.55952 


= 18-7702 + 24-236; significant linear relation). 
ue . R ry 
significant correlation between any of the measures of sensor) 


. ean 
een sensory discrimination pn 
) only when the discrimination task is : 


risk 2 
y such as confidence level or willingness to TIS 
In these ter 


. inoan 
SR and t} Xplain the non-signific 
stv and the me i iscriminati 
It would be equally misleading to aj is plain qr distrimination. 
activation level, Malmo 


conductance level to a 


relation between mean Q 


o» ze Conductance level. tatio” 
t be ason; Ssume that the GSR i i nifesta” a 
of a sensitizing or orienting r Berlyne = pi a nun. or n 
: : t 

vation; though Oswald’. (1962) observe te 
of Sleep, Only to reappear later, does indic n 


; -ati 
orienting response and general activ 


Ens — 
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" The tum that such an orienting response might be related to sensory sensitivity 
8 supported by several findings. Edelberg (1961) found that tactile sensitivity is 
enhanced immediately following a GSR and Lowenstein (1956) demonstrated i " 
Sympathetic afferent activity increased the sensitivity of tactile receptors These nin 
findings led Martin & Edelberg (1963) to hypothesize that the GSR mare be 2m of 
a screening mechanism by which the organism can regulate its sensitivity in cae 
ance with its tendency to reject or accept stimuli. ` 


Ta j ] ; 

: able l. Mean GSR and average values of measures of visual discrimination (CFF) 

foni discrimination (1000 c/s tone from white noise) and tactile discrimination 
wo-point threshold) for sixteen subjects. 


Variable 
(1) (2) (3) (4) 
Mean GSR 
(log. change in Visual Auditory Tactile 
Subject conductance) (e/s) (db) (cm) 
1 — 1-198 46-88 
2 —0-490 49-38 
3 — 1:046 46-00 
4 0-223 47-75 
5 — 0-564 49-17 
6 — 0-563 47-88 
7 — 0-079 40-38 
8 — 0-198 50-33 
9 —0-798 49-25 
10 — 0-643 47-50 
ll — 0-097 49-13 
12 — 1:331 47-13 
13 — 0-049 49-50 
14 — 0-301 49-38 
15 — 0-946 47:38 
16 — 0-292 48-50 
Mean — 0-52 48-41 
S.D. 0-43 1-17 2.33 
ty — -- 0-650 — 0:153 
P* — «0-01 20-05 


* For differences of the correlation coefficients, fiy» from zero. 


thalamic and reticular stimulation increased the 
[s. The same author also found that stimulation 
d to an increase in the amount of neuronal 


Sanne and the number of neurons responding to retinal afferents in the visual 
in m These findings by Jung indicate that the central structure largely involved 
Spe. US sensitizing or orienting response is located in the rostral part of the non- 
A cific reticulo-thalamic system, that part which, according to Jasper (1958), ‘seems 
i aj ale the rapid, short-lasting, or phasic activation of the cortex’. That this area 
Tho Involved in facilitation of the GSR is confirmed by Wang (1957, 1958). 
ii likely that the cortex plays a selective inhibitory role upon the strength of the 
and wa response. This is indicated by the evidence of Wang, Stein & Brown (1956) 
fore, ang (1958) who noted that the GSR of a cat is enhanced after removal of the 
Tain, and by Jouvet (1961) who found that habituation of the orienting response 


one (1958) found that repeated 
of t of specific neurons by 10-15 ¢ 
he non-specific thalamic system le 


or 
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SEQUENTIAL PART PRESENTATION: A METHOD OF 
STUDYING VISUAL FORM PERCEPTION 


By JOSEPH H. McFARLAND* 


Worcester Foundation for Expe rimental Biology, Shrewsbury, Massachusetts 

s simultaneous and joined is viewed as a perceptual 
achievement dependent on the central operations of analysis and integration. Experiments 
have been conducted which employ a method of stimulus presentation which assures that 
neural response simulates the hypothesized analysis operation, viz. sequential part presentation. 
Perceptual measures are employed which are assumed to reflect the hypothesized integration. 
In one experiment, interpart intervals between the sequentially presented sides of a line triangle 
were varied and 50 % points determined for judgements of simultaneity and joining between the 
lines. In a second experiment, these thresholds were also determined, but for side part versus 
angle part presentation of the line triangle. With side part presentation, thresholds for both 
judgements of simultaneity and joining were found to be higher. It is concluded that normal 
perception of form, i.e., perception of parts as simultaneous and joined, can take place at 


larger intervals when sequential response is to side parts. 


Everyday perception of a form's parts & 


tn studying visual form perception, it is customary to present the parts of a 
Stimulus form simultancously. Although this method is in common laboratory use, 
& theoretical rationale for the method is seldom, if ever, provided in current theo- 
rectical treatments of form perception. 
While searching for such a rationale, it has become clear that the Gestalt treat- 
ment of form perception, though subject to diverse criticisms (cf. Hebb, 1949; 
Helson, 1926; Lashley, Chow & Semmes, 1951; Nagel, 1963; Piaget, 1952) does pro- 
brief, the argument can be de- 


vi H H 
Mr àn argument for employing this method. In r i 
eloped as follows. Forms in our everyday experience appear with their parts simul- 
us, in terms of the principle of isomorphism, 


t S. fs à 
"flee in time and joined in space. TI 1 ; 
he central nervous system processes simultaneously all portions ofretinal stimulation 


arising from a form (cf. Koffka, 1935). Accordingly, in studying visual form per- 
ception, it is appropriate to present all parts of the form simultaneously. . 
. If this is the rationale tacitly employed by many investigators, then a paradoxical 
Situation has indeed been created. While in theory progress has been made beyond 
the Gestalt heritage (cf. Gibson, 1950; Hebb, 1949; Lashley, 1951; Piaget, 1963; 
a 1963), a Gestalt rationale is still employed in choosing a method of stimulus 
Presentation for the study of form perception. 
n view of this situation, two objectives are indicated: (1) the development of a 
rationale, in terms of present theory: for the method of simultaneous part presenta- 
tion; and (2) the development of new dels and theoretically appro- 


Priate methods of stimulus presentation. : 
n pursuance of the latter objective, three steps have been taken which are re- 


Ported here. First, an approach has been developed which treats form perception 
S dependent on sental operations of analysis and integration. Secondly, a method 
i devised which is appropriate to this approach. 


been conducted which in i 


theoretical mo 


dicate the heuristic value of this 


* Now at University of Denver, Colorado, U.S.A. 
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approach and method for providing information on the process of visual form 
perception. ON 

As to the approach, visual form perception is conceptu l p 
central mechanism that performs operations of analysis and integration. Analy si 
entails the production of sequences of responses to line and to angle portions of an 
stimulation; integration entails the production of a response to the products O 
analysis. l . m" 

In terms of this theoretical model, everyday perception of a form's parts as simu 
taneous in time and joined in space is considered the perceptual achievement of im 
operations of analysis and integration. While a. form's parts may be simultaneous and 
joined in terms of retinal stimulation, the percepti 
viewed as dependent on the postulated central mecl 
of responses to parts—analysis; and which 
sequence of responses—integration. 

The method of stimulus presentation that has bee 
the parts of a form Sequentially. 
reasons. First, it can be assume 


alized as dependent on à 


: s :oining iS 
on of simultaneity and joining o 
; ; es c 
anism which produces a se d 
xs she 
then produces a unitary response to t 


n devised consists of presenting 
This is considered an appropriate method for tw? 
d that the response of the 
ates, in part, the 
the form is prese 


visual system to a form 
hypothesized analysis entailed I 
nted with its parts simultaneon? 
y erception of the stimulus form presented by m 
method is the achievement of the hypothesized operation of integration. Thus, piee 
; sentation, appropriate variation of stimmims parameters 
permits variation of the analysi 


“ıs operation and the consequences for integration, 
e studied. 


d. In the first experiments 
S of a form are varied fro? 
non-simultaneity and non 
ls are assumed to define 


Stimulus 


The stimulus was a luminous (0-44 ft. la, 
in length by 4 min. in width at 17 in, Th 
ahead at eye level, with one side in a horizontal ori 
10 msec each. The sequence employed w; Roses 
intervals (1) between the base and right 


ed from 0 to 300 
d by Brown & Vo 


mberts) 


Sides w 
e form w è 


strali 
Presented on a dark background, for 


side right side, and then left side. ‘Inter? 0 
° and (2) etween the right and left sides ods 

M gyn) msec Steps. This method, it may be ™ 
(1937) and, more recently, by Müller (1963)- 
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Apparatus 

EV af the stimulus form were prepared as three 35 mm slides. These slides were inde- 
mG = marre a uisus, rdi pum screen by means of three Sylvania 

s. ^se s were originally designe se xj ic transmissi 
have holy arin cea ! y designed for use in photographie transmission and 
edes stimulus presentation there were five time periods to be controlled and/or varied: 
Hane pcd of flash for each of the three bulbs and the two intervals between the sequential 
Ben A , Ü ic bulbs. These time periods were controlled by five solid state electronic timers 
Sop g N nd from. 1 to 1000 msec. (Reliability was + 5 96 and repeatability was +1% 
cue sra range.) Flashing of the bulbs in the appropriate sequence with apppropriate 
tho Eie was achiev ; 1 by an electronic logie circuit. (This equipment is now a standard item by 
ymetries Division, Pennsylvania Optical Co., Reading. Pa.) 


Design 


The st; ee , à 
e te stimulus was presented by a method of limits with ten trials at each of the thirteen inter- 
d intervals: five in an ascending, and five in a descending series. Thus, there were 130 trials for 
"ch s Singa 2 N : i 

subject. Four males and four females were employed in each of two series sequences, 


ascendi g 4 g A " H 
nding-deseending and descending-ascending, making a total of sixteen subjects. Two males 
sre retested 24 h later. 


ünd two f, " B E 
two females in each of the series sequences We 


Procedure 

testing. Du and subjects were dark-adapted for 10 min prior to 
- During the dark adaptation period, subjects were instructed as follows: ‘Ina few minutes 

and look straight ahead. I will give you a * ready “ signal and 

As soon as you have seen the form, close 

t on certain temporal and spatial 


All testi " " 
testing was carried out in a dark room 


Hon yau to open your eyes ok : 
your ca triangle on the sereen in front of you. 
relations | i hon your eyes are closed, I want you to repor vier a ipee 
tancous. GEN een the parts of the form you have seen. First, tell me whether t wa es 5 simul- 
are simu fin erlapping, or successive in time,—When the sides come on and go o M ier, they 
On, the à tancous; when they come on or go off in succession, but at some nae ma of ti han one is 
they "d I overlapping; when they come on one at a time and no two are on att virer times 
triangle a anat tell me whether all the sides are or are not joined to i a pum 
Anglo. A]. some do not join, tell me which pair or pairs of sides do not join to make a per ect 
After 1 oe make this judgement as if the sides were simultaneous. ^ — 

5-60 er ( min. of dark adaptation. testing commenced and was usually sop etc ithin 
n. During tho testing period, subjects’ heads were supported by a chin rest and lateral 


‘ead movements were partially rest rained. 
Results 

jud ow the typical functions for three category 
i eatin (Fig. 1A). In contrast to the judgements of temporal relations however, 
in  Iudgements of spatial relations show a complex, non-linear decline with increase 
ina intervals (Fig. 1B). These judgements initially decline, parallel with 
is mg of simultaneity, reach a plateau at 7 5-100 msec, and then slowly decline 
Sens Examination of individual functions shows that this plateau is attri- 
ri in part to the fact that between 50 and 125 msec, twelve subjects show a 
“GOxie 


The judgements of temporal relations sh 


al increase in judgements. 
etested 24 hr later, the overall forms of the functions are 


Product-moment correlation coefficients for the 
28 for succession, and -- 0:913 for all 
and all ends joined are signi- 


DET á 
come the eight subjects r 
5 V natis for both test days. 
9 Points are + 0-696 for simultaneity, 4-03 


er x 
Joined. Only the correlations for simultaneity 


e 
i lr different from zero (P « 0-05). While all day 2 thresholds. are elevated, 
t at the 0-05 level as determined by variance analysis. 


iffey, . "en 

à fference is not significan 
e mn. i Mw 
limiting intervals for sim 


iltaneity and joining, viz. from onset of the first 
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i t durations 
til offset of the last part, were obtained by adding beri = jen ae Tos 
ies inh ive thresholds, 41 and 52 msec. de 
i d tervals at the respective P dins 
with the two interpart in í oe deer ape a in 
EE ds val is 112 msec for simultaneous judg trig 
the mean limiting interva |12 ms “a, oem“ 
. he limiting interval of 134 msec fo judge ge 
ficantly different from t : hahgo in judgements forall ands jo 
ries 1). (Owing to the non-linear change in j g irri T 
a ote determine a 50°% point for four of the sixteen one e imi 
7 Eel manner. For these subjects, another measure was employ 
bcd 2 " S 
sn interval at which judgements had declined to a 


i ing 
h minimum prior to showing 
the paradoxical increase referred to above.) 


Simultaneous — All parts joined 
—— Overlapping 
---- Successive 


100 


80 


60 


% judgements 


100 200 300 
Interpart intervals (msee) ) 
swe (A) 
ements of simultancous, overlapping, and successiv dum ^ 
rfect triangle (B) as a function of interpart intervals (m 


-— kc rt p 
à | ngle were employed: (1) sequential side pat 4s of 
sentation, and (2) sequential angle part presentation, Accordingly, minor deta} 
method, design, and procedure 


o 


je 

jang d 

he three ang] —— " f tho tria? 

entially, each for 19 heen, B'es, formed by bisecting the sides o: a 


les 5 al 
"hos : © sequence was right angle, then top denti” 
f © and angle part resentati i s form was h^ 
in all respeets and the same as that employed i; 3 omes o iier inu: females in ean os! 
quences employed i : iti seque, ot? 
5 A ted in each of t o conditions et 
side-angle part presentation and angle-side part Presentation Th ° tk v were sixteen SU”! jo? 
Half of the subjects were tested at i from 0 t ioh e e, with both cP ppo 
presented in the Same testing Session; the remaining half a * n ae SES art interv& 
0 to 300 msec, with conditions Separated by 24 hr SS ARRERA E 


Results qut 
= for the Subjects who provided judgements foro " 
S at interpart intervals from 0 to 300 msec shows s " 
milar to those obtained in Expt. I. Functions for 


Examination of the da: 
categories of time relation, 
functions are basically si 
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i] and all parts joined for subjects tested from 0 to 100 msec are similar to the 
rresponding functions obtained for subjects tested from 0 to 300 msec. 
gc em of the ‘simultaneity’ and ' parts joined’ functions for the two conditions 
ie 4 ) shows that angle-part presentation significantly decreases both 50% 
ed E also clear, from examining the limiting intervals (Table 1). that the 
uu iri. the difference between intervals for simultaneity and side parts joined is 
dites, able to the difference obtained in Expt. I, but opposite to the direction of the 
- nce between intervals for simultaneity and angle parts joined. This interaction 
Significant (P « 0-05). 
—— Sides 
— —- Angles 
100 


80 


95 judgements 


50 100 


Interpart intervals (msec) 


ents of *simultaneity' (A), and of ‘parts joined’ to 


Fig. 2, Expt. II: mean percentage judgem 
f interpart intervals (msec) for side and angle part 


make a perfect triangle (B), as & function o! 
Presentation. 


Table 1. Mean limiting intervals (msec) for judgements of simultaneity 
and of parts joined to make a perfect triangle, Expts. I and IT 


of the last part, were obtained by adding 


first until offset 
e respective 50% points.) 


{Limiting intervals, from onset of the , 
© threo 10 msec part durations to the two interpart intervals at th 


All parts 
Experiment Parts Simultaneous joined 
1 Sides 112 134 
2 Sides 84 102 
2 Angles 71 52 
DISCUSSION 


It 


achi will be recalled that everyday perception of form is viewed as the perceptual 
anaj Ment of the central operations of analysis and integration. The operation of 
Ysis produces sequences of responses and the operation of integration produces a 
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response to this sequence of responses. Normally. a form’s parts are pne 
simultaneous and joined. The thresholds employed here are assumed to define ; 
limiting intervals at which normal perception can be achieved to the hypothesized 
sequences of responses. 

Viewed in these terms, the findings show: 
increases, both perception of simultaneity and joining show 
decrease; (b) when Sequential response is to side p 
larger interval than simultaneity ; when sequenti 


an initial rapid and linea? 
arts, joining can be perceived over & 
al response is to angle parts, simul- 
rvalthan joining; (c) whensequential ees 
aneity can be perceived over larger interva’s 
angle parts (see Table 1). 

multaneity and joining show a parallel decrease: 
ests that these two features of normal form 
echanism as Proposed here. However, it is clea! 


: : ore ation. 
ng intervals, that the operations of integrat 
hypothesized to underlie these two features o 


f form perception are not identical; = 
differ depending on whether responses to side or angle parts are integrated. Mot sf 
over, it is also evident that there is a differentia] integration underlying perceptio” 
of line parts as simultaneous and joined versus perception of angle parts as sim" 
taneous and joined. » 

Clearly the interpretation offered for t] 
that, since eye mov 


from the overall pattern of limiti 


R , ; vation 
hese findings is subject to the reservé 
ements are not monitored during 


eported latency for a sac 
53; Ginsborg, 1953; N; 


noted that the findings reported her 
interest, viz, what are the charact 
(a) temporal relations, anq (b) 


With respect to temporal r 
EEG alpha rh 


e shed so 


S between visual stimuli? he 


jod of © 4 
ythm is a manifestation of th Cen proposed that the peron ` gi 
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angle parts the limiting interval for simultaneity is smaller tha e smalles 
period. This feature of the findings suggests that ia pa re 
ete : i simple function of their occurrence within a centrally Ia 
xed interval, but depends upon the mode of integrating differ iati i 
] In regard to the tc oon of figural relations, ci enm or ee tali 
is the simplest visual element is still pertinent. Recent &léskonpligedodup uud Snc um 
indicated that certain cells in the visual cortex of cats respond optimally to ins 
stimuli in different orientations (Hubel & Wiesel, 1959: Hubel, 1963) Thus it oia 
well be that form perception in humans depends on the output of such fivaral: specifi 
cells, Accordingly, one might speculate that perception of form entails a response to 
line parts of the form—analysis, and then a response to this respotise—integration 
(Hebb, 1963). The findings here might then be interpreted as supporting this specülā- 
tion since perception of simultaneity and joining can be achieved at larget iatervals 
When line parts are presented than when angle parts are presented. Geers an 
le interpretation for these findings may be offered from the vantage point 
di an view proposed here. Simply that human form perception depends on both a 
RR pum a und wi pedo n-ne v rcl 
g 3 
At present the operations of analysis and integration described here are hypo- 


theti m Su Ns z é 
hetical. There is little support for their usage in terms of present knowledge of the 


hu "ie P 
man nervous system's functioning. Nevertheless, formulation of these hypo- 


theti " à s 
etical operations has led to a method and to experiments which have provided new 


Informati ; s z 
ormation concerning visual form perception. 


This work was supported at Clark University by National Institutes of Health, Grant R-6403 
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THE EFFECT OF STIMULUS CONFIGURATION ON THE 
INCIDENCE OF THE COMPLETION PHENOMENON 


By ELIZABETH K. WARRINGTON 
The National Hospital, Queen Square, London 


The phenomenon of ‘completion’ of incomplete figures across hemianopie field defects was 
studied in relation to the nature of the stimulus forms used. While the highest incidence of 
od with simple geometrical forms a substantial number occurred 


complete responses occult b 
also in response to other types of forms, including complex representational material charac- 
in the Gestalt sense, but depicting objects which 


terized neither by symmetry, nor * goodness? c 
are familiar and readily named. Tt was concluded that completion responses are most readily 
given to those forms with which the patient is familiar and which he would expect to see in 


complete form. Unfamiliar forms not readily named are infrequently completed. 


Visual forms may be ‘completed’ across blind sections of the visual field by patients 
à ated by Poppelreuter (1917), 


with cerebral hemisphere lesions. This was first demonstr 
Who presented geometrical forms tachistoscopically in such a way that half of each 
figure fell into a defective area of the visual field. Many patients nevertheless reported 
having seen a complete form. This completion of forms that could not in fact have 
been seen in their entirety was interpreted by Poppelreuter as à compensatory 
mechanism analogous to the normal process of completion of stimuli overlapping the 
blind spot (Helmholtz, 1924-25). Fuchs (1920) confirmed. these observations and 
further claimed that the effect could be elicited only with simple, regular and sym- 
metrical figures (a circle, ellipse, square, and star shape were all completed). Meaning- 
ful drawings (dog, face, bottle, butterfly) were never completed even though sym- 
Metrical. Letters, words, straight lines and homogeneous surfaces were likewise 
never completed. These findings, obtained on a single patient, were thought sufficient 
to controvert Poppelreuter's view of completion as imaginative filling in of the 
missing parts on the basis of previous experience. They led to an explanation in terms 
9f Gestalt theory of perception. completion being the outcome of autonomous forces 
Which tend to produce a symmetrical and well-balanced configuration. Koffka (1935) 
Made use of Fuchs’s work in his advocacy of Gestalt hypotheses. 
Poppelreuter and Fuchs both report, without further comment, that some patients 
ailed to complete incomplete forms. Warrington (1962) showed that failure to 
Complete was common in hemianopic patients and established that the occurrence 
of Completion was correlated with parietal lobe dysfunction and unawareness of the 


Visual-field defect. Normal subjects and patients with cerebral lesions but no field 
efect behaved similarly to the non-completers. These results cast doubt upon the 
View of completion as normal and compensatory. Having established that certain 


Patients show the phenomenon of completion it is relevant to determine whether all 
Visual forms are completed and, if not, the characteristics which distinguish those 
lat are completed from those that are not. The study that is reported was designed 


t y 
© elucidate the critical differences. 


450 ELIZABETH K. WARRINGTON 


RESULTS 
Completion of simple geometrical forms (Set A test figures) 


TTE n 

The percentage distribution of completion of half-figures at threshold i picis 

for the hemianopic and non-hemianopic patient groups and the wow all 

separately in Fig. 2. The percentage distribution of complete responses for dmi 
figures in the hemianopic group was bimodal: thirteen of the twenty-six pé 
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Fig. 2. Distributions of percen 


tages of ‘complete’ reg, A ; I (with 
A a i i ponses b I Groups 
ee Acer field defects), Group IT (with damage a ie vp tien det : d 
intact visua elds) and Group IIT (normal, subjects) to th hal E imple geometric? 
forms, set A, Fig. 1. e half-figures of simple g 


Showed 609/ or more com 
may be regarded as two 
showing 60% 


" " . pef 
pletion and thirteen showed 30 % or less completion- T ais 
a) à completion group, ie. those P% yo 


: a 
nses in the above distribution ; and (b) o% 


; sn D 
pletion responses į Fig- op" 
regarded as comparable to that of th s ia ques II and III api tio” 


: e 
OSe cases in Group I showing ‘no comp 
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The mean percentage of completion responses for these two groups is 0% and 10% 
i 7 *" 1 3 1 1 1 á 
respectively and for the ‘no completion’ cases in Group I it is 10%. The mean per- 
mm and range of complete responses to familiar geometrical shapes is shown in 
able 1. 


Table 1. Percentage and range of completion responses by Groups Ia, Ib, II and 
III to simple geometrical shapes. Set A 


Group I(a) iroup I (b) 
‘completers’ *non-completers’ Group II Group III 
dias 96 of completion 91 11 5 6 
ange of completion responses (%) 60-100 0-30 0-30 0-70 


Completion of other figures 
(a) Frequency of completion. The percentage of completion responses by Group I 
(the hemianopic group) to figures 6-21 is shown as a frequency distribution in Fig. 3. 
The shaded circles indicate cases in which there was 60 % or more completion of simple 
geometrical shapes. Though the distribution here is less clearly bimodal, there is no 
Overlap between those patients who were in the completion group and those in the 


OOOOOOOOOO 
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Percentage of complete responses 


up I to figures 6-21: O, cases 


Fig. 3 i d nses in Gro) 
: 3. Distri i rcentages of ‘complete’ respo: r 
cg spl d cases showing 60 96 or more. 


Showing 30 % or less completion of familiar geometrical shapes; [-À 


II and MI showed no completion responses in this 
tion responses for each group 


an percentage of completion 


oe completion group. Groups 
are aha: The mean percent 
Massa: in Table 2. For each su 

ses is lower than for the simp 
) Distribution of completion resp 


T f 
a Ta of completion responses given by : 
(nos, 6-21) are shown in Table 3. The highes 


age and range of comple 
bject-group the me 
le familiar geometrical shapes. 

onses to different type of test stimuli. The mean 
Group I to the figures in Sets B, C, D 
+ incidence of completion responses 
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was for Set D, which consists of detailed representations of objects. When the nguron 
in Set C were completed the portion filled in was asymmetrical about the verto 
axis, so that what was reported was the basic form in a rotated position (sce Fig. 1). 


Completion of animal figures 

The animal figures (Set F, numbers 22-2 

I and four in Group II. Every subject 
these figures. The only instances of co 
patients in Group I. These three patient 
figures. The other three patients in Gro 
did not show any completion response 


1) were shown to ten patients, six in Group 
in Group III was tested for completion with 
mpletion responses were in the case of er 
s all showed marked completion of geometric 
up I who did not complete the animal figures 
s to geometrical figures. 


Table 2. Percentage and range of completion responses by Groups Ia, Ib, IT and 


III to figures 6-21, Sets p. C, Dand E 


Group I (a) Group I(b) 


; ! J II 
completers “non-completers’ Group IL Group I 

Mean % of completion 73 4 0 0 

Range of completion responses (95) 10-90 0-30 0 0 


Table 3. Percentage of completion responses by Group I to Sets B, C, D and E 


Set B Set C ; iot E 
$ Set D Set 1% 
(figures 6-9) (figures 10-13) (figures 14-17) (figures 18-21) 
Group I 32% 34%, 430 29% 
70 


Table 4. Ratio of * i 7 es by Groups I, II and 111 


Set C d šet E 
— Set D Set E 
ubgroups (nos. 6-9) (nos. 10-13) (nos, 14-17) (nos. 18-21) 

gems 3 is 0-80 0-89 0-77 
a p "57 0-87 0-95 0:86 
roup IIT 0-47 0-85 0 96 0 87 
Al -5 PN m 
AIL 0-50 0-84 0-94 0:83 


C, D*. 
ra 
» IL and III in the form of 2! 


almost 100 % 


n 
Oups named figures among 
of those in Set B (nos. 10-13 


5 
ut only between 40 % and 


" ets 
fore be assumed that the figures in 5 
an be named 


js 30 
Group I as à whole was 319, and ! ri 


s 
Y was tl imited to a de® jo 
e completed, ‘The 1€ response limited 
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That is to say, naming occurred in a number of cases in which there was no com- 
pletion. None the less, it was rare for completion to occur in the absence of naming. 
The figures in Set D, which were the most frequently named, were also the most 
frequently completed. 


Discussion 


Completion across hemianopic field defects of simple familiar forms has been 
compared with the completion of a variety of other visual forms ranging from 
unfamiliar geometrical shapes to drawings of familiar objects. Earlier findings that 
simple familiar geometrical shapes give rise to the highest incidence of completion 
responses were confirmed: 49 9% of responses to the geometrical shapes were complete, 
While 36 95 were complete for all the other test figures combined in Group I. Repre- 
sentations of objects with identifying detail produced the next highest incidence of 
complete responses, 43%, while the simple but unusual geometrical shapes having 
10 name in common usage and the complex shapes of objects without their identify- 
ing detail produced the lowest incidence of complete responses, 32 % and 29 % respec- 
tively. The two control groups gave no complete responses to any of these figures. 

These results conflict with the findings of Fuchs (1920), who reported the absence 
of completion of complex representational material. Further, they are contrary to 
the prediction of the Gestalt theory of perception. The completion effect could only 
be interpreted as the result of ‘internal forces’ in the perceptual organization which 
tend to produce simple, complete and regular configurations in accordance with the 
law of Prügnanz if it were restricted to simple forms. Another finding which cannot 
be reconciled with the Gestalt interpretation is that of ye of incomplete 
Words across hemianopic field defects (Kinsbourne & Warrington, 1962). Itwas a 
in six patients with left homonymous hemianopia that, when s W s 
could plausibly be regarded as representing ends of words were brie 7 —€— ta 
the right of the fixation point, the tendency to the completion of geometrica! gures 
Was correlated with a tendency to respond with complete words. = od wont 
Word-beginnings seem to have been ie ga from Fu qe supplied and wou 
Appear to represent the first suitable word to come to minc. T" icis 

Tastiere interpretation of completion as hex y Md is eee É dips 
zung’ (i inati etion) is in part compatible w. : . 
Though he Sealed ua ues Mord m ia of absence of completion (see Warrington, 
1962) his emphasis on the importance of expectation and past experience 18 con- 
Sistent with t resent results. as 

A higher am of completion occurred among the figures which — 
readily named, although the ratio of naming to descriptive i. nad = " Marti 
Same in the three groups of subjects. If it is accepted y uy d by xiseun ui efe 

e most familiar through experience, iaa iem i 3 

amiliarity se figures are so readily con E f : . 

Vhen : stem dia hemianopic field defect is briefly m n sre at 
.° an area of defective field, he has no way of telling pom : € ise : d who huis 
cem that part of the visual field. In this respect he differs from u i FOE i d. m 
»Vailab]e definite information of the incompleteness of figures similar ly € v m 
‘emianopic patient will be influenced in what he reports by two considerations: lack 
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of definite information as to the completeness of the figures, and expectation based 
on previous experience that familiar shapes appear in complete rather than incom- 
plete form. Depending on which of these considerations is given more weight, 8 
complete or incomplete response will result. À decision to complete is likely to be 
related to previous experience of the figure in its whole form rather than to its 
configuration and the extent to which it approximates to a ‘good’ Gestalt. 


I should like to thank Dr Eliot Slater and the Institute of Neurology, the National H ospital. 
Queen Square, for facilities to conduct this study; the physicians of the National Hospital for 
permission to study cases under their care; and Mr A. H. Prickett for preparing and photo- 


graphing the figures. I am particularly indebted to Prof. O. L. Zangwill for advice and encour- 
agement at all stages in this work. 
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VISUAL IMPERCEPTION IN PSYCHOTIC CHILDREN 


By B. HERMELIN anv N. O'CONNOR 
Medical Research Council. Social Psychiatry Research Un it, 
Institute of Psychiatry, Maudsley Hospital, London, S.E.5 


Psychotic speaking and non-speaking children and subnormal controls were compared on 
isual discrimination tasks. Tasks which could be solved through the use of kinaesthetic, 


brightness or e cues did not differentiate between the groups, while those which involved 


shape differences and directional orientation did. 


acteristic features in the behaviour of many children diagnosed 


One of the most char: 
parent imperception of visual or auditory 


as ‘psychotic’ or ‘autistic’ is their ap 
stimuli in the absence of any observable sensory defect. However, few controlled 


observations are available concerning which aspects of stimulus displays evoke 


responses in such children. 


For subnormals, Zeaman & House (1963) have shown that discrimination between 


two-dimensional displays is more difficult than when three-dimensional stimuli are 
used. They also found that objects differing in shape, size and colour were easier to 
discriminate than stimuli differing in shape alone. Gillies (1905) has confirmed these 
latter findings with psychotic children. A . 

The first experiment to be described compared subnormal and psychotic children 
With and without verbal comprehension on three discrimination tasks. The first 
of these was concerned with discrimination of position. In the second the stimuli 
Were a, patterned and an unpatterned surface, and in the third different directional 
orientation of otherwise identical figures had to be discriminated. 

As the groups differed in their verbal ability, the question arises of whether or not 
linguistic impairment is directly associated with a more general imperception, which 
may include visual as well as auditory stimulus dimensions. It could be argued that, 
While some aspects of visual discrimination are directly associated with language or 
Other mediating processes, others are not. Thus Hebb (1958) stated that there is 
9n the whole little difference between lower and higher mammals in size and bright- 
Ness generalization. On the other hand a chimpanzee could not transfer a learned 
response to a triangle to a triangular arrangement of circles, though a two-year- 
old human child could do so. He argued that this implies a difference in mech- 
anism, as pattern perception is more dependent on experience and learning than 


Perception of brightness or size. These mechanisms may be differentially impaired 
in Psychotic children, and the degree of their respective association with linguistic 
unctions may also differ. This hypothesis was tested in the second experiment to 
© reported. 

EXPERIMENT Í 


Method 
n the first experiment. Twenty of them had been diagnosed 
ainst a list of nine diagnostic behaviour 


1 been checked ag a ; 
which has been developed by Creak (1961). No child was 


a tbjects. Thirty children took part i 
ies Sychotie, and their behaviour hac 
"5 for childhood psychosis, 


6 B. HERMELIN AND N. O'CONNOR 
45 , 


i jour mani- 
^as f the nine behaviot 
. he showed at least four o i pec 
i : ental group unless : th Boami 
included in the Mire the clinical diagnosis. The group included boys and gir s le a 
ee eee à ontlis Half the psychotic children were residents in dcin 
tios d a 3 "une 
T ahr tons wr i the rest, as well as the ten subnormal controls, ca ed el 
c 5 : , as trols, eame | 
po see us ney institutions. None of the controls had positive 3 nao de de 
megs Ti es 1981) Selection of subjects was based on oe eri 
; f Creak . £ A bi ie me 
> ne and biochemical information proved ise, Ss is zu le e Srem Pori 
me The ch : individually on their ‘mental age’ scores pim Por 
chi vere matched individually 1 se x egi 
lie children eee hi ired the placing of different shapes into their appr n s eed 
Board. This test item, which pedet f perceptual-motor ability. Mental ayes, whe n E 
dau poca D aE A n owe than as an estimate of general ure a 
s rded as such an i: e asan esti nt intellige 
Me mite me ly vocabulary test. This was done by req = 
> j o tested on the Peabody vocabulary test. This ; m. 
The subjeets were als A or fi a display of four adjacent } i 
i i ify ject named by the experimenter from a display ar iacet 
ild to identify an objec by Y vijwent p 
Lo» psychotic children were subdivided into two groups of ten, one containing 
obtained a minimum comprehension score of M 


h ing children 
2 years 6 months, and another including mane 
= n Gp (c 
ho did not obtain such a score. This subdivision reflected the speaking ability of the 
who dH 


- unt 
e y a imited amo 
While those with a minimum comprehension age of 2 vears 6 months posse: la limit ie did not 
W atl speech only two in the other group spoke a few words, whereas the other cig 
of u: » only d 


ical 
i sronologic? 
eak at all. All three groups were matched for chronological age, and the mean chror 

ie re . n 

Sod mental ages are given in Table 1. 


, speaking 
Table 1. Mean chronological and mental ages (in years and months) for speak 


and non-speaking psychotic children 


Chronological age 


age 
Seguin mental age Peabody pone 
pe à $ : Range 

Group n Mean Range Mean Range Mean m 
Spediiers 10 11-2 9-7 to 14-6 5l 4-7 to 8-2 3-10 om i 2- 
Non-speakers 10 10-9  7-2to 14-6 6-1 3-1 to 12-0 1-11 AK to 6-! 

Subnormal 10 10-5 8-5 to 13-6 5-10 4-0 to 13-6 4-2 xd 
controls 


Tasks. Each subject had to solv 
as well as visuo-spatial cues were 
simply distinguishing betw 
two stimulus objects. In t 


tie 
maas cinaestho’ 
© three discrimination problems. In one task (A) kina 


]vec 
provided. In another task (B) the task could be ee d 
een the total amount of brightness reflected from the surface 3 : 
he third task (C) the di 


ffering orientation of two otherwise ide? 

subject was prese ide do 

had a shiny white surface. One of them was placed upsi o the 

vas seated, either at his right or his left sido. The other bama b 

in. high, which stood on the table. A S lane o 

s either the one on the higher or lower P a wer 

: ing either ‘up’ or ‘down? kinaesthetie as well as visual €" 

provided. 

For task B two boxes of the sai 


me size as in t 
one at the left and the other at the right. One b had a plain shiny white surface. (pe 
arrow 2 in. long and } in. wide, pointing up or down : E 
second box. The ‘correct’ box 


tht 
« 5 " am Xe8. 
nted with two identical cardboard bo 


"bad OFF i 
for alternate subjects, was painter at on 
was the one with the arrow on it and its choice was T€" pou! 
Thus in this task the discrimination had to be made betwe, 
black figure on it. 


In task C both boxes were again at the same level, gist o 
vertically downwards and the other with an identical arrow pointing upwards. The com”, | th 
choice of either the upward- or downward-pointing arrow was rewarded. Thus in this f? 
spatial orientation of two otherwise identical shape 
of presenting tasks A, B and C, an 


k 
ord 
ro, The pit 
8 was the discriminating feature. UU. 
d the right or left 
to trial were randomized according to 


a balanced desi 
or ‘down’ position was correct for all three 


pe 
oin” ab 
x w saper 
One was marked with an arrow P^. te 


: uper tP? ap 
gn. For alternate subjects eithe i gc? io 
tasks. A maximum of sixty trials in thi 
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of twenty was given for each task, so that each subject received a maximum of 180 trials. A 
criterion of nine correct responses out of ten was adopted for regarding the tasks as learned. 
As we were concerned with the perception of the correct cue rather than with its discovery, the 
correct solution was repeatedly demonstrated to the subjects at an early point in the trial Series. 


Results 
The number of trials before a criterion run of ten responses, of which nine were 
correct, was taken as the score in each case. Scores are given in Table 2. As correlated 
and uncorrelated data had to be compared a ‘mixed design’ analysis of variance was 
used (Maxwell, 1958). In this the appropriate error term for main effects between 
the groups is the ‘between people within groups’ term, whereas the residual is used 


"able 2. Trials to criterion (mean and S.D. values) for the three discrimination 
problems of Expt. I 


Conditions 
Groups n No arrow (A) One arrow (B) Two arrows (C) 
Subnormal 10 0:5 + 0-975 53+ 05 12-4 + 
Psychotic speakors 10 79 + 91 184 + 1955 25:5 + 
Psychotic non-speakors 10 Tl +845 361 +195 60-0 + 
Table 3. Analysis of variance for Expt. I 
Sourco s.S. D.F. M.S. F P 
Betweon MET 2 6108-84 18-41 < 0.001 
groups 12,217:69 2 deba ida 
Betweon rie 11,337.63 2 5668-81 26-37 «0.001 
Groups % -renóments 4,9827 4 1245-67 5:79 «0-001 
etween people within groups 8,958-9 21 33181 
Residual F ithin group 11.60970 54 214-99 
89 


Total 


to test the remaining effects. An analysis of variance compared psychotic speaking, 
Psychotic non-speaking and subnormal children (Table 3). A highly significant 
Interaction between groups and treatments was found. Subsequent t tests within 
&roups showed that for the controls there was no difference in the number of trials 
needed to solve any of the three problems. For the speaking psychotic children, 
task C was significantly different from A, but task B differed significantly neither 


from A nor from C. For the non-speaking psychotic children on the other hand, every 
task was significantly different from each of the others. Task A was easiest, C hardest. 

As far as the differences between the groups are concerned, all groups performed 
equally well on task A. There was no difference in the number of trials needed for 
any of the three tasks between the speaking psychotics and the controls. However, 
Psychotie non-speakers differed significantly from psychotic speakers, a well as 
rom controls on tasks B and C- This last point can be illustrated by looking "i the 
Number of subjects who solved each problem. Everybody solved problem A. In 
ask B all the subnormal children and nine out of ten speaking psychotics were 
“tecessful, while four out of ten non-speaking psychotics failed to learn. In task C 
9ne control, three speaking psychotics and all ten non-speaking psychotics were 


Ng " : 
Uccessful over sixty trials. 
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"Ger 
the number of trials needed to learn each of the three tasks does ee 
i re ais for the subnormals, while for the speaking psychotics it is more ¢ acd 
soit Ag e of two differently oriented arrows. However, the most strik tio 
3 n 2 — eaking psychotic children differ more from speaking ju 
m E riu As pz differ from subnormal controls. None of the pup inn 
iios learned to discriminate between the two arrows. As can be meng p 
results on the other two tests, this was clearly not due to lack of epee ie 
operation. It must also be remembered that these children performed as ee is 
Seguin Formboard test as did the other subjects. The inability to disting pa i» 
eon arrows may be related to the ‘rotation phenomenon’ frequently reper ability 
brain-damaged subjects (Shapiro, 1953). Alternatively, it may be due to a a more 
to focus attention on the relevant cues (i.e. the point of the arrows), or | o " «d 
general imperception. Whatever the relevant mechanisms, the findings P nd the 
a relation, though not necessarily a causal one, between verbal disability r 
inability to distinguish differing directional orientation of a a E, 


Experment II 


; 8 
$ " T" :'esult$: 
In order to investigate the relevance of some of these factors for the en ether 
second experiment was carried out. This was concerned with the question of w 


dine ; P à nen = 4 ifficu 
the directional orientation, differentiating the two arrows, was particularly d tion 
pe : ; cept 
for psychotic children to perceive, or whether there was a more general impere j 
of many visual dimensions. 


Method 
Tasks. Visual discrimination of four diffe: sag 
shape and direction. For each of these dimensions two examples were used: one which pre 
the variables in a concrete and the other in an abstract form. The material consisted s squat? 
line-drawings on white 3 in. by 5 in. cards. Albedo was illustrated by a black and à white 5 giz 
or a black and a white apple. A larg 


: so used I. 
Det EE © or small circle and large or small ball were us the 
discrimination. For sha 


;O 
a pe, a triangle with Straight or eurved Sides, and houses with roof I jing 
same triangular shapes were used, while a vertical and horizontal line and a standing 
man illustrated direction. 

Procedure. All childre 


size? 
: i , . 7 odo, È 

rent dimensions was investigated : albe ontod 
plack 


. Tho placing of the ding 1 
A ed over twenty trials acco” n eO" T 
) $0 that the correct stimulus was presented for rin s » 
in four sessions, with forty ^ | 4dc 


four 
first experiment as well as 


- Nri kers) were used. ed by en at 
the Peabody Verbal Comprehension test The im = vemm e: T test 18 Bo 
9 months, and in the first group eight subjects did not iit ; limit they were h r p 
assigned a mental age for verba] comprehension of lyear 8 iin None of the 9 p y 
scored higher than 2 years 8 months. The lowest Scorer in the Wege d 1 'oup obtained © : ori 
2 years 10 months, and the highest score was 6 years 9 saith 6 = ad thus n à 
between the groups in mental-age scores on this verba] comprehi ims teat A 2 

The two groups were matched for chronological age Fae To 11 months rang? o? 
14-9) and for mental age scores on the Seguin For hie 
to 12-0) 
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Results 

The scores were the correct number of responses in any series of twenty trials (cf. 
Table 4). Analysis of variance showed no difference between abstract and concrete 
material, but groups as well as dimensions differed significantly ; none of the inter- 
actions was significant (cf. Table 5). Subsequent £ tests between the dimensions 
showed that size and albedo did not differ in the ease with which they were dis- 
criminated, while discrimination of shape was significantly more difficult and dis- 
crimination of direction significantly more difficult still. The difference between the 
groups shows that children who scored higher in the verbal comprehension test did 


better than those with very low scores. 


Table 4. Mean number of correct responses out of 20 made by the two groups of 
subjects in Expt. 11 for the eight combinations of dimensions and conditions 


Albedo Size Shape Direction 
Groups Abstract @oncrats ‘Abstract Conerete Abstract Concrete Abstract Concrete 
Psychotic 16-7 16-6 17-0 178 15-4 16:1 13:3 14-8 
Speakers » 
Psychotic 127 IL5 10-6 ll: lll 10-7 9: 11-1 


non-speakers 


Table 5. Analysis of variance for Expt. II 


Source s.s. D.F. M.S. F m 

Between groups 1,135:88 1 1,135-88 20-266 < 0-001 
Between conditions 9-63 1 9-08 pem N.S. 
Between dimensions 131-68 3 aC Ld E are 
Groups x conditions 3-80 1 HS coo NS 
emu X dimensions 47-77 3 15.92 1-277 Sid. 

Onditions x dimensions 21-19 z Mi «1.000 N.S. 
S X conditions x dimensions 3:33 E E ia 

ween people within gr 1,233-12 22 56 
esidual people within groups 1110.97 154 731 
Total 191 
Discussion 


In both experiments reported in this paper, speaking and non-speaking psychotic 
children differed in their visual discrimination ability. Our observations seem to 
Suggest that this difference is not simply due to the fact that the relevant cues vans 

* named by the speaking group. Though some of these children were able to aps 
verbally why they had selected one particular stimulus card consistently, most were 
Quite unable to do so. Nevertheless they were often able to discriminate visually 
While many of the non-speakers did not seem to ‘see’ the figures on the stimulus 
Card, though they did ‘look’ at them. This may be relevant to the differences aie 

he groups on the verbal comprehension test. Two alternative —— ws y 
*Xclusive interpretations for these test results could be suggested. irst, the non- 
“Peaking children may not have understood the verbal stimulus gues given to them. 

ternatively or additionally, they may have been unable to discriminate between 

a four adjacet pictures from which they had to select the correct response. — 

he gradient of correct responses from albedo and size to form and direction 


“onfirms the findings of the first experiment that directional cues are particularly 
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in adults 
5 as s in that in adu 
difficult for psychotie children to follow. Teuber (1959) has p n as well 
o R i ized by lesions in the frontal and parietal, as 
ial i tion can be disorganized by lesions brain damage 
spatial integra n he beai h he has also shown that brai : 
ipital r rain. Though he has also s er 
in the occipital region of the br Ele i dedi. he Segt 
z e or ibn may affect performance differently, the cem vn eaten 
ee Š ; ability select one of two identical boxes 1 
; d test and the ability to selec f E 1r Mp 
d well as the capacity to perform certain form Hi npe S aii 
on | fammi & O'Connor, 1964) demonstrate a relatively intact aries 
alone : iiis to investigate whether inte ] 
feedback system in these children. It remains to inv estigate wheth um iil affect 
with the information coming from this system to the visual mechanisn vhich is 
w H Bn En T x S y 7 
the subjects. Alternatively the inability to utilize schemata and maps 


i ; es obtained by 
found in the parietal syndrome may be associated with the low scores obtait 
the children on the vocabulary test. Verbal 


H 1 r 
Nn simila 
It could be suggested ca ai 
th visual and verbal dinde 
: " i 
short-term memory, figure-ground c 


fna may rest 
in some or all of such functions may might 
š ; . : n V cuit ion 5 
in visual as well as verbal mperception. Brightness and size discriminatior 
be less affected by such imperception t} 


+ tad t0 9 
erefore be expected to be associate P4 
greater extent with discrimination than wi 


" h 
gmit 
We are grateful to Dr G. O'Gorman, Dr J, Gibson and Dr A, Shapiro and the staffs of A 
Hospital, St Lawrence’s Hospital and Harperbury Hospital for making this study poss! 
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PREFERRED HANDEDNESS AS A FACTOR IN THE 
ABILITY TO FORM A SET BASED ON IMAGINAL 
SITUATIONS 


By STEWART SCHWARTZ AND GILBERT SPITZER 
City College, City University of New York 


ed in which the ability to form a set based on imaginal 
litions: when the imaginal situation is in direct conflict 
lividual, and when the imaginal situation conforms to the 
proferred handedness of the individual. A fixated set resulting from the imagined situation of 
handling objects differing in size manifested itself in the subjects’ subsequent perception of 
objectively equal objects oF balls as being unequal. Set was more readily established in those 


subjects whose handedness conformed with the imaginal situation. 


_ One of the most important determinants of an individual’s response to a situation 
is a factor which has been variously termed mental set, preparatory set, attitude, 
readiness, and determining tendency. Set tends to facilitate the subject for responses 
he is prepared for, and tends to inhibit any competing responses. Learning is guided 
by a total attitude or set of the organism. The positive value of a set is due to its 
facilitation of appropriate responses and its inhibition of inappropriate ones. Its dis- 
advantages appear when it does the reverse because it is not orientated to the given 

mity with an actual situation 


situation. Man has the ability to act not only in confor ian a 
ple, @ preconceived situation that has not 


An experimental study is summariz 
situations was studied under two con 
with the preferred handedness of the inc 


but wi : : 
ut with an imaginary one as well, for exam 


yet materialized. 

This assumption was tested in an experiment by Natadze (1960), who set out to 
ascertain the possibility of inducing a set on the basis of some pertinent situations 
which were conceived, not perceived. In six different experimental situations the 
Subject was asked o imagine two objects (circles, weights, cylinders or balls, 
depending on the experiment), one on either side of him, and to imagine the 
Objeet on his right as being heavier or larger than that on his left. The Lese 
Was then confronted with two equal objects, and asked which was larger, or heater: 
Natadze said that when the observer responded by saying the object on the di 
Was heavier the observer showed an assimilative set. When the observer eeu 
by saying the object on the left was heavier or larger, he demonstrated a eie ai 
Set. Natadze in his experiment called a response in either direction a response [. 
Conformed to a set. One of the difficulties with Natadze's experiment is n" k 
Proved his hypothesis correct by his definition of set. Natadze 's conclusion w ed na 
the problem of the feasibility of evolving a set on the basis of imagination had been 


Solved, 
ve the formation and fixation 


tests the ability to evol ion 
d ] situations similar to that of 


MI present experiment re- : labis 

a set on the basis of i ination using exper ja 1 ; 
asis of imag 2 ` 2 

atadze. If the observer's response did not conform to the imaginal situation, as 

Stated by the experimenter, We have said that a set was not established, thereby 

i ae : When the response of the 


Correcting for the ambiguity in Natadze’s experiment. ) 
1 jtuation we have said that a set was established. 


obser : ii 
bservers conformed to the imaginal E 
29 Gen. Psych. 36, 4 
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This experiment deals more Specifically with the effect of the subject's preferred- 
handedness in determining the set in the imaginal situation. (cf. also Rees & Israel. 
1935). 

Purpose. The aim of the experiment was to study the 
on imaginal situations, under two conditions: 
direct conflict with the preferred handedness of th 
situation conforms to the preferred handedness 
be tested is that the feasibility of evolving 
when the imaginal situation conforms to tl 


ability to form a set based 
when the imaginal situation is In 
€ individual, and when the imaginal 
of the individual. The hypothesis to 
à set on the basis of imagination is greater 
1e preferred handedness of the individual. 


Subjects METHOD 
Fifty undergraduate students, all right-handed and naive experimental subjects. 
Procedure 


The subjects were divided into an experimental group and a control group, each of 25 subjects 
Subjects were tested individually. Before each e ři 


; a 
same, except then the subject Y 
A imagine the larger ball in the left hand rather than right jand in 
^ v^ materials— two weights of equal size and w eight 
ami bris apri ifa told to fix his eyes on the two weights (placed in aoe 
à er). The subject was then told to pi i pasy m 
that the weight on the ri rib eae pian vd her weight Wa 
I ight side wag very heavy (fill n 
very light (hollow). The subject was told to mins fi "s zem lead), and that the other weig ls 
e heavy one in the right h 


and, and the li 


quis 
nu 
; 9 hold the attached strings by the th! " 
simult: ed strings by ie 

;., aneOusly. He wag then asked which was the heri to 


and forefinger, and lift both cylinders 
In the experimental group the instr: 


ad and the one in the left were P? de? 


Ee 
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The experimental group was given the same instructions 


finger, and reporting which was heavier. 
ad in the left hand as being heavier than the 


except that the subjects were asked to imagine the lo 
one in the right. 
Task V: materials—two cylinders of equal size 


heavier cylinder was to the right of the subject.) 
Tn the control group the subject was told to watch the two cylinders and imagine as vividly 


as possible that he was lifting them by the attached strings, simultaneously, the heavy one filled 
with lead by the right hand and the light one (hollow) by the left hand. This was repeated five 
times. The subject was then asked to lift both cylinders, and report which was heavier. In the 
experimental group the instructions were the same except that the subject was asked to imagine 


lifting the heavier cylinder with his left hand. 
Task VI: matorials—two pieces of white paper. 
drawn on it, the other blank. 

. In the control group the blank paper wa 
imagine as distinctly as possible that he saw two € 
on the left. This was repeated five 
two equal circles drawn on it, and as 
same procedure was used except that th 
loft side of the paper. 


but not of equal weight. (In both groups the 


one with two circles of the same diameter 


s placed before the subject, and he was told to 
ircles; a large one on the right and a small one 
was then shown the white paper with the 
larger. In the experimental group the 
ld to imagine the larger circle on the 


times. The subject 
ked which was the 
e subjects were to 


RESULTS 


The results of this experiment are summarized in Table 1. The data show that in 
the control group, where the imaginal situation conformed to the preferred handed- 
ness of the subjects, the subjects more readily formed a set. In the experimental 
group where the imaginal situation was in direct conflict with the preferred handed- 
ness of the individual the ability to form a set was much more difficult. As the 
results show, it was extremely easy for the control group to form a set in task y 
(the two cylinders of equal size, but not of equal weight). The difference in this case 
is probably greater, and more distinguishable by the subjects, than in any of the 
other tasks. In task V the ‘real’ situation conformed with the imaginal one. The fact 
that the subjects in the experimental group for task VI had such a high percentage 
of ‘set formed’ may be explained by the fact that this experiment did not call for 
the use of either of the subject’s hands, either in the imaginal or in the real situation. 


of subjects showing set (and no-set) 


Table 1. Percentage 
Experimental group 


Control group 


a UNO arro reer: 

Task Set No-set Set No-set 
28* 20 80* 
it 38 42 24 76* 
I 68 32 20 80* 
A 72 28* 16 84* 
zd 100 00* 00 100* 
u 84 16* 80 20* 

llowing correspondences 


e e r n = 25 there are the fo! 1 a 
Aap p — RF evels for the binomial test against 


-tail significance 1 E 
wed 28 D and 7295,P = 0.043. In the 2x2 contingency table 
"m D.F. ji is significant (P — 0-001); for task VI x°, is not significant. 


bot Differences significant at P 
Ween percentage dichotomies 
oe, = q = 0:5]: 32 % and 6896, P 

equencies for each of tasks I-V, 
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Discussion 


As ‘set’? is here defined: when the subjects responses conformed to the experi- 
menter's instructions the subject demonstrated a set. when his responses did not 
conform to the experimenter's instructions he did not demonstrate a set. In the 
control group the subject's set response was that the weight (circle or cylinder) on 
the right was heavier or larger than the one on the left. In the experimental group 
the subject’s set response was that the weight (circle or cylinder) on the left was 
heavier or larger than the one on the right. In both groups the response that the 
objects were equal was indicative of ‘no-set’ being formed. Natadze (1962) minimized 
the chance of the subject's response being that of equal: he did so by asking them 
which object was larger or smaller, which leads the subject to think that he is wrong 
if he gives an equal response as a choice. 

Although sets were established by the method of verbal instruction, they Wert 
shown to influence the responses definitely and consistently. An interesting question 
would be how a group of right-handed subjects ( 


; «seen tO Me 
control group) given no instructio! 
would have responded. 


Natadze induced set (i 'ases Jaba . : a A he 
ct (in most cases) after stating the imaginal situation to t 


sf x times. In our experiment we stated the imaginal situation only 
ve times. Fifteen times mi ^ »stive 
line Maie ie might have been enough to have had a hypno-suggest! " 
effect on the subjects. E “ith five ti dece ae on hel 

3 s A ven with five times, many subjects felt as if they were bei"? 
indoctrinated’. ` 


Era «s is visible as a posture of readiness, like that of the runner poised for ® 
= : ar Aor the present experiment many subjects showed physical movement: 
.£. when told to imagine holding a heavy ball in one hand, many subjects lowere 


that hand, or in some Way moved it; some subjects were conscious of this moveme?" 
others were not. However, it seems that even in cases where ike ‘posture’ or mov" 
ment might not be observable externally, there occurred piel type of inter 
ven of the subjects in whom no phys o 
ss may depend on ue 4 s Hune fatigue. The intensif i 
1e person's ability to perform the tas® 


rna 
ca 


n which resulted from the difficulty in produ 
E di 

on to it th? 

present experiment, Imagina] s ) 1t seems to be acceptable on the basis ° jth 


: H t H 1 Ww 
his preferred hand may have mor ect is lifting something “ 


time-interval increased. Thus the set re 

§ E S : à :ect 
after he was asked to respond seems mid st; Eu given hy tho sudor, ed: 
N E d inont ib than when the subject hes! To) pe 
less stable than are sets developed on the ;. p Agination seems as a dii 


onse w 


basis of pe ; 

š A 5 Tce e 
According to the data obtained in this BEER "sem ET. p 
basis of an imagined situation is char he fixated set evolve pi? 


acteri = a W 
cterized by a number of peculiarities 2 
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distinguish it from the manifestations of a fixated set evolved on the basis of per- 
ception. The data also show that the feasibility of forming a set based on an imaginal 
situation is greater when the person has a specific relation to the thing visualized, 
in this case the preferred handedness of the subjects. 


The authors wish to thank Prof. Gertrude Schmeidler, under whose supervision this experi- 
ment was conducted at the City College of the City University of New York, May 1963. 
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A SIMPLE LABORATORY DEMONSTRATION OF SUBCEPTION 


By GERALD M. MURCH 


Universitüt Gottingen, West Germany 


A simple, replicable demonstration of subception is described, using a discriminatory response 
as the independent variable. Stimuli were exposed to thirty-six subjects in a tachistoscope until 
they were able to report the perception of a black line, appearing in the centre of a white field. 
Pho subjeets wero then asked to choose one of two geometrical figures from six pairings of four 
figures, each pair shown separately. The tachistoscope projections, presented in a counter- 
balanced design, consisted of one of the figures to be discriminated drawn in red, divided by a 
3 em black line. The black line, having a stronger contrast, was perceived before the red figure, 
aliminal and subliminal thresholds as the contrast relation between red and 
black lines. A significant tendency was found for selection of the projected figures, without 
verbal report of the subliminal stimulus. In a second part of the experiment one figure was to be 
chosen, after cach projection, from the finite population of four figures; the results did not differ 


defining the supr. 


from chance expectation. 
, The uso of a perceptual discrimin 
discussed, and the plausibility of a t 


atory response for the recovery of a subliminal stimulus was 
hreshold for intensity relations was demonstrated. 


ng the discrimination of subliminal stimuli have 
he psychological literature. Many writers have 


either accepted or rejected subliminal stimulation as a perceptual phenomenon from 
the results of a relatively small number of experiments. In spite of this work there 
remains some confusion of terminology which could be clarified by classifying the 
Published experiments into the two major methods of stimulus presentation that 
have been used: (1) subliminal perception, the presentation of both a supra-liminal 
and a subliminal stimulus (i.e. the subject is unaware of the subliminal stimulus); 
(2) Subception, the presentation of only a subliminal stimulus (see Murch, 1964). 


his study is concerned with the design of an experiment in subception. Early 
; responses to subliminal visual 


experi : pape alt with verbal 

stimuli (ee bg cogi ae Williams, 1938). Lazarus & McCleary (1951) 

reported a subception effect with GSR as the independent variable, after which 

Many studies of this type appeared (e.g. Lowenfeld, Rubenfeld & Guthrie, 19564, b; 
tiksen, 19565. Wall & Guthrie, 1959). This form of response measurement has been 

aiia ; Its were determined by a partial 


nniticizea i id that resu 
by Eriksen (19565), who said ti | 
co relation phrenic wp stimuli and GSR with the verbal response held 


rodstant, Dixon (1958) criticized this form of design ey ne ; sites er 
Tesholds red due to the number o erent res teg 
Y Which Epila v (p. 212). In addition Howes (1954) presented some 


a ‘ering an alterna- 
‘tatisticg] considerations of these GSR respor offering 


ive Statisti : lt 
Statist; z f the results. me" f _ 
The he P ac ic ran Rt categories has been criticized by the present author 
Murch, 1963). If the D of the perceptual threshold is the e PA ofa 
Sroej CN balizati f a stimulus presented at a lower 
t, ved Stimulus, a further verbalization O 


í 'eptual discrimin- 
esho] vas found (Murch, 1965) that a percep 
t d cannot be expected. a ier c is superior to a verbal response, the two 


Y response between two a 


i Studies reporting or disputi 
ecome increasingly numerous in t 


ase measurements, 
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alternatives including the previously subliminally presented stimulus and an equally 
ikely alternative. ] : 
wor (1960) criticized the ‘subception effect? when the threshold is E 
lished by one method and the stimulus recovered by another, more sensitive aa em 
The important variable is, in the opinion of the present author, the relation see a 
the subject’s ability to make a verbal report of the stimulus and his level of aw Te "5 
The subject reports the amount of information available to him. If the subject 
not capable of telling the experimenter that he h 
subliminal stimulus) but decides between two c 
choice situation) aboy 
effect’. 

Finally, the complicated designs of m 
criticized. For all practical purposes, the 
forced to accept the data, hoping that t 
free from ‘intervening variables’, 
simple and easily replicable demons 
detection of a subliminal stimulus 


; tad he 
as seen something (verbalizing t 
H H H n . B y ree 
hoices (discrimination in a ~ : 
it i i Rs 10) 
e à chance level, it is then possible to speak of a *subcep 


any of the previous experiments can E 
se designs are not replicable. The reader i 
he designs were objectively presented an 
The present Study is an attempt to pem 
tration of subception, with a basic model for d 
; using a perceptual discrimination as respon 


a 


variable. 
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Fig. 1. The four stimulus figures, 


Lines which wei 
each figure | 


i Te continuous red lines are shown dotted: 
iad a vertical black line, 3 em long. 


METHOD 
Four geometrical desig 


12x 17 cm white cards to 
scope. Each figure was eei 
(hard). From the centre 
l'5 cm above and below the 


. E 
ns (circle, Square, triangle 


be presented in à 'Bettendo 
by a vertica 
of the vertica] dividin, 


and parallelogram) were propareó. 
rf-Electronie* two-ficld mirror t2 encil 
l line, and each was drawn in red Ping 
g line, a black line was drawn ext? 


d 
pat 
it BY 
of the blank second field, As soon eet pci 
shite ; WO geometrical figures, drawn in re san? P 
Srail fed di > chistoscope The black lino was e o Ux 

sures. The si lun n m BITS 5 dn* 
Subliminally, Each E PIX pairs of figures included all possible Priser ; 
ated between all six pairs of figures, 

The threshold was defined as the 
of lesser contrast. In cases where 
excluded. 


ved six series of projections, and 


as report of the black line, without report of the ™ ots 
te Ted figure or Parts thereof were reported, the subj? o? 
In the second part of the i 


two cards outside of the apparatus, and told that there w 


gonte” op 
first shown the four figures, pr ep. roe, 
report of perception of the black 


: or. After n 
^ ould be four further projections. ch 

© four figures was to be selected so that c9 ch? 
rojection the Subject had but one figure left 


Cw 
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RESULTS 

The frequeney with which the projected figures were selected was computed for 
all thirty-six subjects, giving 148 as the observed frequency of choice of the sublim- 
Inally projected figure; this figure was compared with the expected frequency (108 
out of 216 projections for P = 0-5) by means of the normal curve test (A.L. Edwards, 
1960, p. 46). This test resulted in a z-score of 5-31 (P < 0-001), leading to the rejection 
of the null hypothesis that the subjects were selecting the figures on a random basis. 

The observed frequencies for male subjects (77 out of 114 projections) and for 
female subjects (71 out of 102 projections) were also compared; the difference favoured 
the female subjects, but was not significant (z = 0-33). 


Table 1. Differences between expected and observed frequencies in the selection 
of the subliminally projected figures 


Number of selected 


projections ess 4 2 1 0 D.F. X P 
- 0-042 —— 0300 —— 0350 0-208 3 267 > 0-05 
expected frequency 1:31 18:0 9-00 7:49 — — pa 
observed frequency 3-00 17-0 8-00 8-00 => = — 


Table 2. Differences between expected and observed frequencies in the initial 
figure selected 


Figuro ... M Circle Triangle Square Parallel. x 
25 0-25 0-25 0-25 0-25 12-22 < 0-05 
Expected fro ‘ 9 9 9 — — 
"sec Irequeney 9 - s: 
Observed frequency 10 17 6 3 ium = 


For the second part of the experiment, observed and expected frequencies were com- 
pared by a y? test (A. L. Edwards, 1960, pp. 63-5), but the differences were not signi- 
ficant (see Table 1). It appeared that the subjects were biased on the basis of previous 
eXperience or predisposition in the selection of the first figure. To test this possibility, 
the observed and expected frequencies for the first selected figure were compared by 
a X? test (cf. Table 2). The significant difference shows that a bias was present in the 

St selection, 

Discussion 

It appears that the subjects, although unable to indicate discrimination by verbal 
report, were able to select the projected figure beyond chance expectation. In the 
Second part of the experiment the differences were not significant. In this design a 
*esponse restriction was initially placed on the subjects, so that the first response 
Was made between four categories, which resulted in a predisposition of choice. The 
“ignificant value for the first choice, showing the triangle and circle to be chosen more 

requently, indicates the presence of an uncontrolled dependent variable, influencing 
the Subjects’ perception of the available response categories. The subliminal stimula- 
tion Appears, in the presence of a predisposition to the stimulus material, to have no 
effect. at least when the response items (figures) are presented before the subliminal 
Stimulus, In the first part of this experiment, the categories (figures) were first 


Presented after the presentation of the subliminal stimulus. 
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appears feasible 
tween contrasts (intensity) 
-kground defines the below-threshold and 
e dark line, which, for all subjects, can be 
i i e below-threshold red line. 

isti j y in this experiment, as it was believed 
ore capable of responding without preconceptions 
nd, further, would be able to report any observations 
than the perception of the supraliminal stimulus 


about the response categories, a 
or information received other 
(i.e. the black line). 

A further note is needed on 
for the discrimination, Twenty-five subjects (69-2 7 
mation, but that they had simply selected one of th 
no outside criteria. Six subjects (16-0 %) reported 


the subjects’ responses about the information available 


ould not be verbalized, on 
Three subjects (11-1 %) reporte 


à ) which could not be related to P 
(5-8 %) Teported that the dark line varied in lengt® 


ts are needed. 


ent of the black line 
stimulus figures. Two subjects 
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ABILITY AND SEASON OF BIRTH 


By J. E. ORME 
Middlewood Hospital. Sheffield 


The evidence available suggests that an association between season of birth and subsequent 
ability can occur for a number of reasons. In the present study, groups of subnormal and super- 
normal ability aro used to examine one relevant factor. This hypothesis is that climatic tempera- 
ture changes during fetal development are associated with subsequent ability at all levels, and 
not only with subnormal subjects. The hypothesis is confirmed, although for climatic environ- 
ments different from that of the British Isles the particular relationships between climate and 
ability might vary. The investigation of such relationships, however, might provide a mode of 


examining the processes whereby ability develops from its genetic origins. 


Within a group of subnormal subjects, season of birth appeared to be associated 
with subsequent intellectual performance (Orme, 1963a). Birth in summer and 
autumn was significantly advantageous compared with birth in winter and spring. 
Crookes (1963), and Davies (1964), with subjects of more normal ability, found no 
They suggest that any association between season 


al subjects. 
on American subjects showing a 


evidence for such an association. 
of birth and ability might be peculiar to subnorm 

Pasamanick & Knobloch (1961) review work ts sh 
complex of causes resulting in a higher incidence of subnormal births in winter and 
Spring. They note evidence that such a seasonal effect was itself related to conception 
mM relatively hot summers. Two underlying causes of such a phenomenon could be 
a reduction of maternal protein intake or a direct stress effect operating through the 
hy pothalmico-pituitary-adrenal-cortical axis, producing foetal damage. u 

It seems reasonable to expect that if climate can have such effects, variations in 
climate over the world will produce varying seasonal effects. The writer’s findings 
(Orme, 1963a) were concerned with variations within a subnormal group rather than 
In the general incidence of subnormality. Furthermore, it appeared that climatic 
temperature trends during the whole of foetal development were important rather 
than conditions at birth or any particular time of pregnancy. It seems possible that 
the association between season of birth and subsequent ability includes a number of 
factors, Some of these are clearly pathological as they contribute to the general 
Meidence of subnormality. Other factors seem to be of a more normal kind in that 
their effect contributes to variations of ability at all levels. Fitt (1941) reviewed and 
Teported studies with subjects of normal ability, showing a season-of-birth effect, on 
Intelligence-test performances. Furthermore, an individual’s performance on such 
Measures as rate and efficiency of work also fluctuated over the year in a iuga 
Cycle. Fitt thought the overall evidence suggested a basic endogenous factor of 
reduced endocrine activity (involving the pituitary and hypothalamic activity) in 
Winter. Such a factor, in mammals, might be related to more obvious phenomena 
Such as hibernation. But if the writer's findings were due to a process not peculiar 
to subnormals, the negative findings of Crookes and Davies require explanation. The 
Present paper presents à hypothesis and study with this aim of rationalizing investi- 
Sations into one aspect of the season-of-birth and ability relationship. 
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The mean 1.Q. difference reported (Orme, 1963a) between summer and winter 
births is relatively small. Now if this small seasonal difference is operant at all levels 
of ability it can be represented by two normal distribution curves, one for summer 
and one for winter births, the mean values of each being fairly close together. It can 
then be argued that within two or even three standard deviations from the mean 
of the general population, the difference in frequency between winter and summer 
births is small compared with the absolute frequency. It is only at distances of more 
than three standard deviations from the mean that the seasonal difference in fre- 
quency becomes an appreciable proportion of the absolute frequency. For example, 
only with 1.9. of less than 55 (with s.p. = 15) will winter births clearly predominate. 
This is in keeping with the results of Orme (19634) studying variations within a sub- 
normal group. It would also partly account for the overall raised incidence of winter 


and spring subnormal births as shown by Pasamanick & Knobloch (1961). Conversely; 


only with 1.9. greater than 145 (with s.p. = 15) will summer births clearly pre 
dominate. 


With more average ranges of ability quite large samples will be needed to demon- 
strate an association between season of birth and ability. In fact. a number of the 
relevant studies reported by Fitt used samples of several MUN Both Crookes 
(1963) and Davies (1964) used samples which on the above hypothesis would be 
too small to demonstrate a seasonal effect at more or less average ranges of ability- 
But apart from these considerations the seasonal effect should directly reflect the 
main seasonal variable, climatic temperature. It is here, rather than in difference? 
in proportion of incidence, that perhaps the main test lies. 

If this argument is valid, the seasonal effect should be demonstrable at both 
asic of the normal curve with a predictable relationship to — changes m 
cepe seus TT to such an association should, on examinatio™ 


1 : pical temperature conditions i dictab'? 
kind, during the fcetal development of such individuals VENANT 


Subjects 


ai eta : . gub* 
normal in the Sheffield area. They were i 8 were in-patients of hospitals for the mentally 
the present study. Rather more than h i 
Gn e , jv! 
a good sample of climatic variations in Ck ii oed ea 
I.Q. was derived, as in previous studi Pape 


fi 96 
1962). A modification of the original tat rom the Coloured Progressive Matrices (Orme: i 


included. 
Supernormal subjects. 'The Mensa organization a. ag use" 
: á agre 8 ^ : g 
Of 300 circularized, complete data were finally ec ry peo pa maaben Ps have " 
LQ. on the Cattell IIIs test (s.. — 24) over 147 (Cattell, 1952). All Mensa mem asit e 
prerequisite of entry and as it is carried out under formal co d: br v ipii aei reli zn 
Unfortunately, the test has a ceiling 1.9. of 161 wi nditions it is presumably 


ed enabli on pi 
to be separated out. For the 19-39 age-range, however, P ME in nac ipe e ply 
proportionate basis by assuming the ratio of the third to t vae gn i e oud 
16:1. 


he fourth s.p. incidences to be 7 
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Accordi 
E ing to the hypothesis presented i 
A sis ed earlier, a seas e 7 
Sey ue I à a sea onal frequeney should occur between 
supernormal groups beyond the third s.p. range. Furthermore there should be 
MUS ici erga. iati veen seasonal climatic temperatures and seasonal fre- 
tintas roughout the year. This association should be negative for the subnormal group in 
Pereasing temperatures 8 «o with inereasi š x : 
group, the c mp ratures should go with incre asing numbers of subjects. With supernormal 
d ociation should be positive in that decreasing temperatures should go with 
sing PS Pg 1 3 T sl 1 ad i 
See numb of subjects. The basic argument is that seasonal climatic changes mreidinactly 
wacko rte for seasonal variations in ability (via some hypothesized channel of physiological 
OP whieh y). The major variable in seasonal climatic changes is one of temperature precise records 
'h are avai 3: e f 
dic M available. In a previous study (Orme, 1963a), the temperature records for the 10 
Thisstud fætal life of each subject was compared with the mean temperatures over the years 
S $ idy H m H H s 5 e 
y indicated that apparent exceptions to the seasonal prediction could be explained by 


relativ 
oly : “he i 
ly unusual temperature conditions during foetal development. 


an eve v ees YS bnc: 
en more significant association bety 


Results 

BN eee 1 of birth in the subnormal and supernormal 

ilia als " : jer with the mean seasonal climatic temperatures. Considering first 

senses) ji DES ond the third S.D. range, it is readily apparent that variations in 

AS pci ter ge are closely associated with variations in seasonal temperature. 
» hesized, this association 1s negative with the two subnormal groups and 


positi i 
ve with the supernormal group. 


i 
Tal : -—" 
dle 1 gives the seasonal distributior 


s in temperature and in incidence of birth 


Table 1. Seasonal variation 


Winter Spring Summer Autumn 
M n (Nov.-Jan.) (Fob.-Apr.) (May-July) (Aug.-Oet.) 
eal 
Subn ie iaa 40-9 423 56:5 55:5 
ormals 
5th s à i 
4th RA rango 54 15 (28% 18 (33%) 8 (15%) 13 (24 96 
rds pee 126 38 (30 90) 34 (27 90) 26 (21%) 28 (22%) 
Sup S.D. range 99 19 (19%) 23 (23%) 35 (35%) 22 (22%) 
ernormals 
3rd s : ci 
4th a range 160 43 (27%) 35 (22%) 44 (28%) 38 (24%) 
S.D. rango 49 9 (18%) 11 (22%) 16 (33 95) 13 (27%) 


a total of twelve subgroups for which 


ur seasons give 
seasonal temperature. For 


T 
he three groups split over fo 
between incidence and 


& corr B 
qe trelation can be calculated 
Parability, percentage incidences were used. With the supernormal group, the 
25 % (the expected percentage for practical 


exter "im 
pur 1t of the percentage deviation from 
Poses as indicated by the Registrar General's returns) was reversed for com- 


Parability with the subnormal groups. The product moment correlation coefficient 


e fae ‘ 
tween seasonal temperatures and incidence is +0:89 (n = 12; t = 6:396; 
< 0001). An alternative statistic can be made from the fact that the order of 


in ena between the seasons almost perfectly follows the rise and fall of temperature 
ran 1e predicted manner. The only exception, a minor one, is that with the fifth s.D. 
a subnormals, the highest incidence is m spring with winter second. The 
e A ility that such an almost exact matching aith expectancy could occur in 
ies groups by ehance is very small (P < 0-001). Finally, although the supernormal 
Sto P is relatively small, the distribution between subnormal and supernormal 
"ps for winter and summer incidence gives y? = 422 (D.F. 1, with Yates' cor- 


lu " 
“ction; P < 0-05) 
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The seasonal distributions are also included in Table 1 for the subnormal and 
supernormal third s.p. ranges. As expected from this paper's hypothesis, the winter 
and summer incidences in the supernormal group are equivalent. With the subnormal 
group, however, there is almost twice the frequency in summer than winter, à ratio 
significantly different from the observed frequency in the other subnormal groups 
(x? = 768; D.F. 1, with Yates’ correction; P < 0-01). Such an exception to the 
seasonal hypothesis, as noted earlier, should be attributable, on examination. to 
atypical temperature conditions during the fetal development of the deviant group: 
This can be calculated by determining how many months of fetal development, for 
the individuals of this deviant group, were warmer or cooler than the mean climatic 
temperature for each month. As the seasonal effect studied here appears to be à 
direct consequence of normal yearly temperature trends, the relation between season 
of birth and ability can be affected-by such temperature fluctuations. Such an 
argument, in fact, was demonstrated to have some statistical standing in the writer's 


previous study (Orme, 1963a). It is of interest that the only individual season t hat 
then showed such a reliable effect was summer 


— - 
— Climatic temperature characteristics of the ten calendar months involving f atal 
evelopment, for summer births in the third deviation range of subnormal subjects 


: "npe 
No. of months with above-average » om 

temperature for that month .. . 10 9 1 : 
No. of subjects V E : : 5 E. 4 2 gg ? 

2 

Fo - i i à 
ec decr — subnormals in the third s.p. range, Table 2 shows the number A 
individual is s ^ climatic temperature above the mean for that month. ae 

lend at pomibility of having between none or all ten of the T° agon 
calendar months being above the average 3 > pic? 


"T 
t the mid-point of 5. Table 2 show is 


The present results offer confirmato i ut 
Š -— e 

studies are required, both of sikorea d Tor putt pt stre 

what appears to be one ante-natal d Supernormal subjects, to 1" pgs 


might ; ies with © 
climatic conditions but there is growi evden Perant in countries ur JE 
between climate and ability freque 
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important effects on performance, both of a permanent (McEwan, 1965) and a 
temporary kind (Cattell, 1957). Apart from their intrinsic interest, the ultimate 
Objective of such studies must be the clarification of the processes involved. The 
detailing of such processes should throw light on the development of ability from 
its genetic origins. 

In the field of educational attainment, in contrast to that of ability, summer 
birth may prove something of a handicap to a child (Williams, 1964). An undue 
Proportion of summer-born children might be found in special schools. Such a finding 
appears to be a result of differential entry to infant school and to an ‘age-group 
Position’ effect. Summer-born children spend less time than others at infant school 
and remain the youngest in their school group. 

Ante-natal influences have also been claimed to affect the development of person- 
ality. Stott (1962) has produced evidence for such an influence in behaviour dis- 
orders. The particular factor there seems to be a pathological one involving fcetal 
damage of the kind detailed by Pasamanick and Knobloch. On the other hand, 

Barry & Barry (1961) show an association between winter and spring births and a 
raised incidence of schizophrenia. The present writer, however, has suggested that 
Such a relationshi p is a reflexion of the effect on intelligence already discussed (Orme, 
19630), A subsequent study (Barry & Barry, 1964) provided more evidence in keep- 


mg With such an interpretation. 


I wish to 'ganization and its members for their contribution to this study. 
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‘CROSS-OVER’ EFFECT AND SUBJECTIVE INTENSITY 
BY A. ARTHUR 
University of Canti rhury, New Zealand 
Audley & Wallis (1964) and Wallis & Audley (1964) 


in this Journal which demonstrated the c 
effect in the 


have described experiments 
xistence of what they called the ‘cross-over’ 
Thus, in brightness discrimination, subjects 
react faster to the brighter of two stimuli when both are relatively bright and to the 
darker one when both are dark. Correspondingly subjects respond more quickly 
to the higher of two pitch stimuli when they are high but to the lower one when they 
are low, Having established the generality of the cross-over phenomenon Wallis & 
Audley (1964) were concerned with its explanation. They put forward an explanation 
derived from a model of choice behaviour devised previously by Audley, but finally 
doubt its applicability. 


speed of relative judgement, 


It is proposed here that a more satisfactory explanation of the cross-over effect 
can be made in terms of the experienced, or subjective, intensity of stimuli. ]t is 
unnecessary to postulate cognitive factors as an additional variable, Audley and 
Wallis make a serious error when they fail to make allowance for the fact that 
Variation in the physical intensity of stimuli does not necessarily correspond to 
Variation in the subjective intensity of stimuli. Thus the most relevant theory, the 
Adaptation Level (AL) theory (Helson, 1959), indicates that th 
reference point against which evaluations of stimulus attributes can be made. 
On the contrary, the reference point is constantly shifting in accord 
influence of focal, background and residu 
design of Audley and Wallis’s 
Opportunities for shifts in the 
remarks to the study on pitch. 

Some minor shifts, which they do not atte 


explanation, can be considered as due to the operation of contrast and assimilation 
Phenomena. It appears that the strikingly faster response to the 2900 c/s stimulus 
Which gives a V-shape to the ‘choose higher’ curve (Wallis & Audley (1964), p. 126) 
may be one example of these phenomena, though other explanations based on 
Stimulus intensity easily suggest themselves, Another point 
s at the change-over from H to Land L to H randomiz 
higher stimuli the AL, that is, the g 
55 els and wher 


ere is no fixed 


ance with the 
al (previously experienced) stimuli. The 
studies was such as to give a number of different 
subjective intensity of stimuli. We shall confine our 


mpt to explain but which need an 


at which they Operate 
ation blocks When ec 
eometric mean of the res 
1 choosing lower stimuli the AL 


hoosing 
ponse stimuli, is close to 
is closer to 931 c/s. Thus at the 
Doing of change-over some stimuli will be differentially contrasted and assimilated, 
^ ome such effects are apparent in figs. 5 and 6 (Wallis & Audley (1964), Pp. 128-0), 
ie ee feature of the data, i.e. that subjects respond faster to the higher of 
fato, Bh pitches, ete., is in nisordeu with the expectation that one responds 
ting the more distinet, or intense stimulus, Intensity being measured ej 

finn, lowness or of highness. It is expected further th 

= from the AL is, 
0 


i at the stimulus 
1n general, the more intense, 


A | Which is 
lhus of two high sti 


muli the 
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- sti i wer 
higher is the more intense on the high n rra AL vna siad up pae cim d 
it i ' side of the AL, because they are awa) d 
1^ All f n account of the fact that the correct — e 
EA ste a is always to the more intense stimulus on the ie meet ; 
j l that this may fully account for the faster judgement iiia n 
dd pci m imulus continuum. However, the effects of stimulus intensity in - 
E : oe tele aplete by the operation of time errors. Considering ped 
d me a lee stimuli, one would expect the subjective difference in eg 
uiae the pair to be reduced when the lower is presented first (increasing R : pen 
increased when the lower is presented second (reducing RT). Responses to M im 
stimulus when the pair are high should be faster when the first stimulus is the 


i: " ig. 7 
since under this condition the subjective difference between them increases. Fig 
(Wallis & Audley (1964), p. 130) is in 


usual psychophysical experiments, it is 
of their results are explicable in terms of 
point to be made, however, 


are properly controlled is it possible o 
begin to look for any choice or cognitive factors such as they suggest. The ty out 
n original discovery nor to be explained wit S 
» who found it earlier and who have incorpora” 
with quantitative parameters. 


reference to Michels & Helson (1954) 
its explanation in a general theory 
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‘CROSS-OVER’ EFFECT: A REPLY TO ARTHUR 


By R: J. AUDLEY axp C. P. WALLIS 
University College, London. and University of Durham 


In two papers recently published in this Journal (Audley & Wallis, 1964: Wallis & 
udley, 1964), experiments were reported which showed that judgement time in 
Simple discrimination tasks is affected by the manner in which the subject is instructed 
to express his judgement. It was shown that if two stimuli lie h 
Sensory dimension then the subject is quicker at making the 
Tequired to choose the higher of the two than when it is the low 
Conversely, for two stimuli of low value it is the choice of the lower which leads to 
the quickest response. This phenomenon was referred to as a ‘cross-over’ effect, A 
Provisional explanation was offered in terms of theory of choosing, which postulates 
à competition between alternative responses, 

Arthur (1965) contends that these results would be more satisfactorily explained 
by considering the way in which the subjective intensities of the various stimuli are 
affected by the total context of stimulation in the experiment. He then attempts 
to use adaptation level (AL) theory to account for the results and also asserts that the 
cross-over effect has already been reported and explained in AL terms by Michels & 
Helson (1954). 

It is the purpose of this paper to refute his major criticisms, to clarify some points 
on which we believe Arthur has misunderstood or misinterpreted our arguments, and 
finally to show that AL theory, in at least one form i 


igh on a particular 
judgement when he is 
er which is demanded: 


ates that we find that “subjects 
react faster to the brighter of two stimuli when both are relatively bright’. The whole 
of his argument appears to be based on the assumption that o 
make discriminations, but rather reacted immediately to the ‘ab 
of the stimuli presented to them. In point of fact we were also concerned about this 
Very issue, and in the first paper conducted two experiments (last paragraph of p. 65, 
el seq.) to determine whether in fact the cross-over effect could be attributed to a 
aster reaction to that member of a stimulus pair which is further from the back- 
8tound. The evidence was incompatible with this hypothesis, yet it is this which 
~thur seeks to advance as an explanation for the phenomenon. 
Sy of these studies but refers only to the experiments involving 

Ven here it is difficult to accept his explanation. It 
t Ccessary, with four stimulus levels 


response set, 
if the Subject is com- 
the trace of any stimulus 


nist first what would happen under assimilation theory 

ir i : à 

18 two low tones. According to the theory, assimilate 

= DA " S 
30.9 
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towards the AL. Thus, if the lowest tone is presented first its trace will a à 
a more difficult discrimination will result. If the higher stimulus is presen ie s 
the trace of the first stimulus becomes higher still, making an easier diser pe 
But this will be true regardless of the response set given to the subject: She preci 
of our finding was that the response set itself produced a marked disparity in ju E 
ment times when the appropriate choice was the second of the stimulus Sidi a 
fact, if we ignore response set, then for both the extreme low and high mes wl 
stimuli there is a difference of only 0-003 sec between the average speeds 
responding to the first and second member. -— 

According to contrast theory, all stimuli are contrasted with the AL and gee 
appear more extreme than they would in some more neutral context, but this pe 
lasts only while the stimulus is present. Therefore, for low stimuli, the seconc ^- 
of the pair will momentarily appear lower than it is, and if it is indeed the low : 
tone this will make for an easier discrimination. Consequently, the prediction imt 
be again that the judgement times will always be quicker when it is the pant 
stimulus to which response must be made. So this theory also fails to ex plain the pue 
large effects of the response set which were found when the extreme stimulus Wa 
second. 

At one point in his paper Arthur puts forward the 
different AL should be considered when the sub 


than when he is choosing the lower one. Arthur caleulates that the appropriat 
values are 1155 c/s and 931 c/s respectively. This notion of two ALs would appr 
to us to be entirely unacceptable in a situation where a subject must attend to po Wi 
members of a pair of stimuli and cannot know in advance which will be the high" 
or lower. It is, however, interesting to consider the consequences that follow e 
this speculation. When a subject is under a response set of ‘Choose higher’, & m M 
AL is postulated and therefore a high pair of stimuli are less far from the AL: and m 
less susceptible to assimilation and contrast effects which depend on distance ge 


e : 1 
the AL. Therefore, when choosing the higher of a pair, a high pair of stimuli 
be relatively more difficult, and 


op 
à low pair of stimuli should be more difficult unc prie 
set to choose the lower, A cross-over effect is certainly predicted but is the dii 
of that obtained! 

Arthur also Suggests that the cro: 
(1964) in a study of weight judgem 
with judgement time, How 
required subjects to compa: 


: . sina that 9 
rather ingenious idea th? lus 
P ps : her stimu 
ject is choosing the higher stim 


n 
. v Hels? 

ss-over effect was observed by Michels & ee 

" H . zi G 

ent. Their study, in any case, was not con 


«el 
JT ipt: i : ax peru’ p 
ever, it will be examined in fuller detail. The expe of 
re each memk 


Š ne 
er of a set of variable weights with ° ing 
two standards (400 and 350 g), giving their judgement in terms df a. 9-point rat p 
scale. In any one series of jud. ent. 


sequ i 
gements, only one standard was used, consed NT 
] ; à as 
stant method and not a ‘floating standard’ desig? 5 y,) 
ations the standard was first 


: m1 
and the variable second wired 
: e order was reversed (V,S,). Subjects were always red ed 
to judge the second stimulus in relation to the first. Their results are summ not 
in Table 1. It is clear that time-order errors w 
change direction according to which st 

the nearest equivalent to 
selves expect a cross-ove 


this is a version of the const 
ours. In half the present 
and for the remainder th 


j i 
ere always negative, and n 
" 3 a V - 
andard wag used; and this would ha ow 
& cross-over effect in Arthur's terms, We would 1? 


r when various standards are used in different series 
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When a range of standards is judged in the same series. time-order errors of 
“central tendency’ are often found. which we have suggested (Wallis & Audley, 1964, 
D. 132) are analogous to the cross-over effect. A central tendeney results from a 
Proneness to make too many judgements of ‘lower’ with relatively low standards, 
and too many judgements of ^higher^ with high ones. This is true for both the $i 2 
and Vis, ordering of stimuli (Woodrow. 1933). As Woodrow points out, in addition 
to central tendency effects there are errors due to the length of time-interval between 
the stimulus pair, which can be called “pure” time-error effects. Such errors are 
Customarily positive for short intervals, and increasingly negative for longer ones. 
Michels and Helson have demonstrated that the size of this ‘pure’ time-error is 
Unaffected by the ordering of the stimulus pair. That finding does not seem to be 
relevant to the ‘cross-over’ effect we described. 


Table 1 


Standard PSE (or AL) 
(g) Order (g) 
350 S, V 338 
MCN 365 
400 SY; 381 
VS, 417 
Time-order errors are: for Si Va E, = PSE — standard; 
for V, E, — standard — PSE. 


In conclusion, it must be said that we do not disagree with Arthur's contention 
that the subjective intensity of stimuli may be affected by contextual effects of 
"arious kinds, We have explicitly mentioned the fact that a subject's judgements 
about even a Single stimulus are relative to the total set he experiences in the appro- 
priate context (Audley & Wallis, 1964, para. 2. p. 70): and to this extent the notion 
of an AL is accepted in our formulation. Nor are we completely sure that some feature 
of the situation, such as the chosen stimulus being further from the AL, does not 
have some influence on the cross-over effect we observed. Yet our attempts to find 
this influence in the brightness studies were unsuccessful, Perhaps there are better 
*Xperiments that could be used for this purpose, but at the moment our evidence is 
Against the view that Arthur proposes. Above all, we do not consider that he has 
&lven due weight to the fact that our subjects were making judgements, Laws about 
the Speed of reactions to stimuli in isolation cannot be applied directly to situations 
involving choice without bringing in further principles. We will not argue that we 
ave given the true explanation of the cross-over effect. We can only assert that it 
exists and hope that further experimental evidence can be obtained to clarify its 
asis, Incidentally, Arthur is wrong to state in his opening paragraph that we doubted 
6 applicability of the choice model to our findings: our doubts were directed towards 
the Lypothesis that a subject had a natural mode of judgement and then translated 

1e result of this into the form demanded by the experimenter, 
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COMMENT ON EYSENCK’S ACCOUNT OF SOME ABERDEEN 
STUDIES OF INTROVERSION-EXTRAVERSION AND 
EYEBLINK CONDITIONING 


By FRANK M. McPHERSON 
Department of Psychiatry, U. niversity of Edinburgh 


In two recent papers, Eysenck (1965a, b) cited experiments carried out at the 
University of Aberdeen as supporting his hypothesis relating introversion and 
conditionability. Eysenck (19655) described two of these studies by Brebner (1957 
and by Symon (1958); but his account of this work contained several inaccuracies 
and omissions, 

Brebner (1 957) compared thespeed of conditionin g of eight non-sensitized extraverts, 
and eight non-sensitized introverts (whose MPI E-seale Scores ranged from 2-16, not 
6 as reported by Eysenck). The measure was the number of acquisition trials required 
to reach the criterion of four successive conditioned responses (CRs). Analysis of 
variance showed that the introverts reached the criterion sooner, the difference being 
Significant, P < 0-05 (not P < 0-01, as reported by Eysenck). However, this finding 
must be qualified in two ways. In the analysis, the interaction between sex of 
Subjects and extraversion was also significant (P < 0-05). The difference due to 
extraversion alone must therefore be interpreted with caution. Moreover, although 
noting this interaction, Eysenck omitted to mention that there was no significant 
difference between the female introverts and female extraverts. Only with the male 
subjects was the difference significant (P < 0-01) This sex difference is not 
predictable from Eysenck’s hypothesis since the female subjects had slightly more 
extreme MPI E-scale scores than the males. The mean MPI E-scale Scores were, for 
the introvert group, 11-75 (males) and 9-25 (females), and for the extraverts 37.5 
(males) and 39-75 (females). 

A second point is that Brebner included in his analysis only those non-sensitized 
Subjects who had conditioned to the criterion. Subjects who had failed to condition 
after 110 acquisition trials were excluded. There were three such subjects, all of whom 
were introverts (MPI E-scale scores 8, 9 and 15). Thus, although no extravert failed 
to condition, three out of eleven non-sensitized introverts did. Eysenck (1965a, b) 
AS not referred to this finding, which is difficult to account for in terms of his 


hypothesis, 


Symon (1958), ; 
Using, in addition to the acquisition score referred to by Eysenck, 


ased on the number of CRs made during the ten extinction trials. There was no 

Significant difference between the introverts and extraverts on this latter measure. 

n deed, Symon noted that ‘towards the latter half of the extinction trials, the extra- 

Perts Were tending to make more CRs than the introverts’ (p. 47). Franks, of course, 
found a highly significant difference on this measure. 

n the acquisition score, Symon's analysis of variance showed that the introverts 


in the second Aberdeen experiment, followed Franks (1956) in 
an extinction score 
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d ore CRs (P « 0-05). However, this analysis was carried out on aec 
m " ction and testing of the data showed that these scores were not sui 
ne ae the requirement of homogeneity of variance was not satisfied. The 
pem — these scores to logarithms and repeated the 
The difference between the transformed score 
not significant (F = 3-29; D.F. 1, 12: N.S.). 

In addition to Brebner's and Symon's experiments, the 
out a third Aberdeen study which was not referred to by roba 
papers. McPherson (1960) used an experimental design that was anila A of 
respects to design used by Symon (1958). The subjects were the extreme grot Sn 
150 students. The eight introverts had MPI E-scale scores of 4-14, and the c A" 
extraverts had scores of 36-44. On the acquisition trials, the extraverts made sura 
CRs than the introverts (64 and 16 respectively), as they also did on the y ope 
trials (33 and 11). The extraverts who conditioned also made their first CRs : "d 
slightly earlier (mean for six subjects — 4-13 trials) than did the introverts (mea The 
five subjects — 4-50 trials). None of the differences was statistically significant. 


i ; ; : ata also 
analysis of variance carried out on the combined Symon and McPherson data 
showed no significant result. 


Thus, the Aberdeen work appe 
conditionable. On all three me 
conditioned better. The differen 
of Symon’s (1958) measures—acquisition 
did make more CRs. In Brebner’s e 
of some introverts to condition 
difficult to account for in term 
and conditionability. An expla 
of anxiety aroused by the ex 
whose supervision all three 


analysis of variance. 
s of the introverts and extraverts wä 


present writer had carried 


Sysenck in either of his 


ars to show little evidence th 
asures used by X 
ce between the g 


at introverts are wre 
IcPherson (1960), the extraver d 
Toups was not significant for ne 
and extinction scores; although introver 
xperiment, (1957) the sex difference, the E 
at all, and the conditioning of all the extraverts E. 
S of the hypothesized relation between ftue 
nation of these and other Aberdeen findings in n 
perimental situation was suggested by Reid (1964), unc 
Aberdeen studies Were carried out. 
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A Model of the Brain. By J. Z. Yovxe. Oxford: Clarendon Press. 1964. Pp. vii + 
348. 35s. 


In this reviewer's opinion, Professor Young's latest book is his most important yet. Expanded 
from the Willian Withering Lectures delivered in the University of Birmingham, it gives a 
Step-by-step account of the distinguished work on the octopus and its brain which has engaged 
the attention of the author and his colleagues for the past fifteen years. But it is very much 
more than this. Prof. Young has developed a ‘model’ of brain activity which goes far 
?eyond the special problems of the cephalopod nervous system and which might well provide a 
Beneral basis for the explanation of behaviour in higher forms, not excluding man. . 

Basically, Prof. Young's model is a eybernetic one, By this is meant that we are once again 
asked to envisage the orpunism as a homeostat, to explore the analogy between brains and 
Computers, to concern ourselves with the coding and processing of ‘information’, and to con- 
ceive of the higher nervous centres essentially as result -classifying systems. But Prof. Young 
is much too good a biologist. to let. eyberneties run away with him. His model is firmly rooted in 
the realities of nervous structure and checked wherever possible by the findings of experiment. 
As he himself puts it: ‘The difficulties of building a realistic model... drive one at times to 
despair and to think of the brain asa “soup” of chemical processes or electrical fields. But then 
one’s courage returns, one continues with the microscope and the microelectrode, and is drawn 
back to the ideal of Cajal and Sherrington, namely to understand the system in terms of the 
Pathways and units that can be exactly studied in it’, Px chological model-builders: please note. 

To readers of this Journal, the main interest of Prof. Young's book will probably lie in the 

iments. Several of the leading ideas stem 


extensive use made of the results of behaviour experi 
on discrimination learning in the octopus which he 


directly from the long series of studies 
ünd his colleagues—several of whom are experimental psychologists —have carried out with 
noteworthy success over the past ten years. Indeed one gains the impression that, at the present 
Stage of things at least, behaviour studies cohere much more closely with neuroanatomy than 
With neurophysiology. After all, if we accept that the brain is, in an important sense, the instru- 
ment of behaviour, may not its ‘functions’ be revealed more direetly in behaviour itself than in 
the eleetrical or chemical properties of its component units? If so, have we not much to learn 
from studying, as Prof. Young has so elegantly done, the grosser functions of large regions of the 
brain in relation to definable (and Within limits measurable) patterns of behaviour? This is not, 
9f course, to undervalue the contribution of neurophysiology, which in the last resort will doubt- 
less win the day. But it may well prove expedient, pro tem, for the experimental Psychologist 
to link himself with the neuroanatomist and the neurosurgeon rather than with the expert 
Wielder of the microelectrode. 

If criticism is to be offered, one might perhaps object that Prof. Young has tried to go too 
far too fast. He himself warns the reader that at times he may feel he is learning too much 
about cephalopods and too little about brains. He may even feel that he is learning too little 
about cephalopods. After all, octopuses do other things besides discriminating shapes, and one 
ls tempted to ask whether a model of the brain which leans so heavily on the existence of this 
Cüpacity is equally applicable to all the other things which octopuses do. One 


Whether the simple 'Thorndil« ‘an principles which Prof. Young invokes to « 
Meet, the 


may also wonder 

"plain learning really 

facts of the case. Will no sophisticated behaviour theorist come to the rescue and 
eXchange his rat for a squid? 

Se iously, though, this is a good book and a hard book. It re 

and will abundantly repay it. P 


ally does deserve careful reading 
idee i : rofessor Young combines scientific attainment of a very high 
Boos With an intellectual flair for which distinguished Scientists are not always remarkable, 
ap A Psychologist: worth his salt should read this book with the sort of concentration that he 

MU to reading in his undergraduate days—which the present reviewer was fortunately able 
Its appearance coincided with a period of sabbatical leave. He would strongly 4 
S to apply for sabbatieal leave at the earliest Opportunity, u 


9 do ag 
advise his 
O. L. ZANGWILL 
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Physiological Psychology. By C. T. Morcan. 3rd ed. New York and London: MeGraw- 
Hill. 1965. Pp. vii + 627. 72s. 


This latest edition of what is recognized as a standard textbook on physiological payeholee? 
retains much of the basic groundplan of its predecessors but appears with a more qiue 
layout. The change of print and greatly improved figures make for a book which from the € 
gives the impression of greater liveliness than the earlier versions. The main changes which ha : 
taken place in content are a reduction in the number of pages dealing with sensation and moto 
function and an expansion of the coverage of motivation and learning. . 

The second edition appeared just before the large expansion of work in the field of pure. 
logical psychology and neurophysiology which took place in the ‘fifties and, for instance, jam 
by a hairbreadth the 1949 paper of Moruzzi and Magoun which, at least partly due to the Tot : 
advocacy of D. B. Lindsley, brought the retieular formation to the notice of psychologists: 
Another example at random of what could not be in the second edition which has now become 


very much part of the general knowledge in this field is the work of Oldsand Milner. In this rapidly 
expanding field omissions such as these two examples are 


choosing to publish at one time rather than another. Th 
and many other omissions and includes the major deve 
The author states in his preface that, as with the 
mental work done with animal subjects rather th 3 
criticism of the book’s coverage it is worth while remembering this deliberate limitation of fele: 
It might however perhaps be reasonably suggested that there is a third element of physiologie? 
psychology that could deserve inclusion in this volume, namely non-clinical experimental pn 
on human subjects, which is defined separately by some workers as psychophysiology. We ne 
find very limited mention of work on, for instance, measurement of cardiovascular variables: ati 
the GSR, on the determinants of eye-closure, all of which it is important to know about if muc 
of the present spate of work on the conditioning of these variables is to be well understood. ly 
must however be recognized that the book is already a long one, and there is probably alread y 
scope for a companion volume which er those aspects which Professor Morg*" 


5 are 
gnizes that the conte s this volume 5 
by no means all he needs for the Study of physiolo Ls ne Wi 


risks that any author has to take by 
© present edition has repaired these 
lopments since 1950. Uo 
earlier editions, his emphasis is on “experi 
an on human clinical studies’. In making 22? 


The Image and Appearance of the Human Bod, ; Wiley: 
y. By P. Seuirpx York: 
1964. Pp. 353. 13s. y = SORTUDER, New 
The linking of scientific discipli : TRO ax. natin’ 
ice ais Pri cee vi Shing - hi bum d Seneralizations ig potentially an illum?” (o 


an the common factor of some alterat io. 
4 e part of the bod R S 
dynamics, touched on in the first part, heen Facile analogies with disordered P^" «on 
incoherent i 


ight O E 
y yone who makes the attempt mig or 

Schilder’s stray ro, i dopt ® ' 
sober and scientific approach if he wishes his sil. gone, But hewill averto 800P 


ution to be taken seriously. so“ 


RI 
ELIZABETH K. WAP 
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Patterns of Sexual Behaviour. By G. S. Ford and F. A. Bracu. London: Eyre and 
Spottiswoode. 1965. Pp. vi + 330. 30s. 

This textbook, reset in its new edition but not rewritten, has probably omnc eu 
great deal to the pereeptible char in social attitude of which it was itself a product. W E a kc 
Work of the late Prof. A. C. Kinsey, it belongs to the field of descriptive natural history—the 
continuation of the Havelock Ellis tradition. It owes little, on the one hand, to psychoanalysis, 
Of Which its authors seem remarkably innocent: on the other, it foreshadows, but does not really 
develop, the comprehension of human sexuality in terms of primate evolution which makes 
Freudian psychology immediately intell gible to biologists. Psychoanalysis and biology have 
thus joined hands, as it were, behind the back of this particular book -though with help from 
it, and from the discipline of field primatolozy to which Prof. Beach has contributed so much 
Eroundwork, 

Its real importance-—inereased in this country by the fact that it appeared originally as a 
Practitioner text and reached the medical profession—has been in bringing home to a large 
number of renders, lay and professional, the true scope of human diversity and its continuity 
With that of animals. We cannot, it is true, base moral or clinical judgements on the behaviour 
Of white rats and Trobriand islanders, but a knowledge of anthropology and natural history has 
helped to make untenable the stifling idea of sexual normality which handicapped both psychi- 
atry and intelligent thinking about sexual behaviour in the early years of the century. We can 
Judge the size of the advance by re-reading the reprinted works of Krafft -Ebing which are now 
being paperbacked—an unt imely revival of ancie 


nt ghosts if ever there was one. Ford and Beach 
did not effect this very necessary change, but their book was one of the minor locomotives of 


history, if only because, like Kinsey, it got over to the reading publie and even to the least 
educable of experts. There is a sense, as psychotherapists will know, in which the change is 
skin-deep only—the removal from our public posture of guilt over such matters as orogenital 
play, masturbation and homosexuality has not necessarily penetrated to the bottom of the 
individual's self-valuation, whatever he may say about them. But the gain is real, and at least 
we have stopped making things worse by writing books which foster such guilt, and have begun 
to come to terms with our own diversity. In an odd way, animals and ‘savages’ help us in doing 
this as toys and drawings help children—there may be no rational ground for feeling relieved 
that porcupines masturbate or that Socrates was openly bisexual, but at the irrational level 
it helps. One would wish this to extend beyond the sexual fiela—to the acceptance of our 
aggressions and death-wishes, for example—and this may well be the future trend of edueation 
In mental health, 

So much has been achieved by this particular book that it seems ungenerous to w 
authors had taken this opportunity of amplifying it. They may have been right in sticking 
Strictly to their descriptive and non-evaluative posture, in confining their anthropology to 
tribal Societies, and their primatology to observed physical mating-behaviour. In leaving out 

© behaviour of large civilizations and the phylogeny of sexuality as reflected in the primate 

ily, they may have been resisting a temptation to theorize, but I, for one, wish they had been 
ik Succumb to it, even at the cost of a thicker volume. The range of acceptable behaviours 

Complicated societies, more comparable to our own—Greece, Rome, the ancient Orient was 

cally the source of the Englishman's first. insights into the uncomfortable rigidity of his 
anot Sexual posturo. It has a place in our comprehension of ourselves, but perhaps it needs 
beio book by different authors. The only important thing which is missing from the primato- 
Bie Side of this study is a more explicit statement of the growth in the importance of sexual 


ish that the 


aci 
tio, 9 of some of the anthropology, Ford and Beach remains one of the more importan 


£ j as premarital 
E : ications. the weaker br 
9etivog abound. aki brethren, 


ALEX COMFORT 
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i y £ 7, J. EBLING. 
The Natural History of Aggression. Edited by J. D. iniri and F. J. EB 
Tonden and New York: Academic Press. 1964. Pp. 159. 30s. 


PET S volume a number of zoologists, psychologists, sociologist 8, uoc 

ep — e vinee ie some common ground on which to discuss aggression. D vor Ho 
aen SUO end F E " i isk in the presentation of their material. T rey, al t: i 
it is the zoologists who eve the vemm - uei am and they can relate it to the social and 
ane b hie eporeeme apio m most import ant single contribution in e 
ecological EL who gives an excellent review of some of the new observations on auc’ 
hc ad uri i jd. It is striking how little overt aggression is seen, and there is often dump 
2 T cam groups, which may, for example, mingle at a common drinking-placc. end 
pce ce attractive account of the ritualization of fighting in a variety of animals, by W 
aa al value is enhanced and its potential for actual damage reduced. . . ;balisms 
Thais seems to be little agreement on how to define or delimit human aggression. C anm Hill. 
Win nail-biting, torture and nuclear warfare are all mentioned as aggressive n cig e an 
in his account of aggression and mental illness, Freeman, who approaches the en bje Ti oria 
anthropological viewpoint, and Storr, who writes on ‘Possible substitutes for war , D E in the 
that there is an inborn aggressive tendency in man. Burton, who deals with aggre 
setting of international diplomacy, doubts this. There is furthe 
between the carnivorous proclivities of the Australopithecine: 
others point out, most animal carnivores show well-controlled à eut 
can be little doubt that the development of tools by the Australopithecines resulted in a ^ 
and disastrous increase in what might otherwise have been minor scuffles. Man has not 
able to evolve appropriate inhibitions against such attacks. 

Whilst most of the contributions have points of interest, 
contact between those who study animals and those 
provide more emphasis on human aggressive 
in which it can be altered by 
may best emerge. 


of 
a F » ` " ans 
In conclusion, I must pay tribute to Laver's contribution entitled ‘Costume as à me 
social aggression'. To read Mr Laver on the hierare 


history of clothing is both informative and complete 


r confusion on post nig ane 
s and aggression. As nage 
{den 
been 


intraspecific aggressiveness- 


uate rcal 
they reveal distressingly little 


ad 
who study man. It would have pe rays 
behaviour at the individual level and SO geao 
experience. It is along such lines that links with animal agé 


; "s 2 :neiples in 
hical, utility and seduction principle 


sı NG 
ely fascinating. AUBREY MANN 
oe »dinburgh 
Crime and, Punishment in. Britain. By N. D. Warxzn., University of Edinbw'? 
Press. 1965. Pp. xiii + 367. 70s. 


The greater part of this lively and well-written book is devoted to 
penal system and a shrewd analysis of the 


"T 
5 ritis 

a description of the p / 

examining the scope and limits of the eri 


ins ^* 
manner in which it functions. The author s n of 
: minal law; he then proceeds to review the P? the 
detected crime in contemporary Britain, and contributes some penetrating comments me 
validity of published criminal st br 


out 
atistics as indices of t "Hol illegal peha V? 
Later sections of the book deal with the aims and ud p eon prosont-day yen? 
practice is based, the mechanism of the Sentencing process snd [om vastes of punish? 
and treatments that are available to the courts. The last pest is Penia with the char? ta) 
istics of three special classes of offenders (the psychiatrically abnormal Formales, and recidiv” 
and considers the ways in which they may be dealt with. Dr Walkor feas a keen, eye f° go 
essentials of an administrative system (sharpened, no doubt, during his dist inguished career ts 
civil servant) ; he guides the reader deftly through the intricacies atdistcheann judicial prece 
and provides a clear and useful account of contemporary penal methods. There is a 8€ "T 
treatment of the ethical problem : 


ibili 4, this " 
à pod responsibility, blame and punishment. In shorts 
very good introductory textbook of penology. 


It is a pity that Dr Walker decided to include 


13 
the origins of criminality. This is, of course 


o! 
jor " 
d ; pjanati’ 48i 

a discussion of contemporary expla ex 


s " jca , 99 
+ & Conventional ingredient of criminolog? 

the difficulty is that the theoretical contexts in which thege Mir nl were conceive” | 4 E 

diverse that a brief review in non-tee| 


hnical language is bound to he hopelessly sup‘ 
8 not help him here: 


hor's skill as à <positor doe : ^ "orge« 
author's skill as an expositor doe ; indeed, it makes matters wOr? 


ficit eh 
o 
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View is stated with such neatness and lucidity as to give the impression that the issues are simple 
and clear-cut, which they are not. For instance, a genuine analysis of the points of correspon- 
dence and dix nee between psychoanalytic and Eysenckian accounts of criminality would 
Surely constitute a formidable intellectual feat, but the reader is given no inkling of this; he is 
told that the disagreement between these schools of thought may be ‘reduced to a question 
Which might conceivably be answered by empirical investigation’. This brisk and summary way 
of dealing with complex issues is characteristic of Part II of the book [af Explaining and Predicting 
Crime’), and leads to some curious pronouncements. It is startling, for example, to read that 
‘since the Intelligence Quotient is a measure of the relationship between a person's chronological 
age and his mental age, it is in theory legitimate to say that a boy of 12 with an 1.9. of (i.e. 
a mental age of 9) is as intelligent as a 16-year-old with a mental age of 12°, It is odd to find the 
term 'paranoiae" still being used to describe someone suffering from paranoid schizophrenia, 
although this might be defended on the ground that the word is familiar to laymen; the same 
Cannot be said for *ataractic *, which appears without explanation later in the book. 

Dr Walker has some interesting things to say about the strategy of research; the treatment of 
Prediction techniques is a model of lucidity. His view of methodology is occasionally a little 
Old-fashioned. Thus in spite of Popper and Toulmin he asserts that an hypothesis can be verified, 
but only by forecasting the outcome of observations which have not yet been essayed ; * pseudo- 
predictions’, in which it is demonstrated that known facts are necessarily implied by a theory, 
are said to support but not to test it, ‘since this knowledge may well have influenced the form 
of the hypothesis’. This Suggests a rather unsophisticated notion of the relations between 
theoretical terms and operational variables. 

But these are comparatively minor defects in a stimulating and most readable book which— 


despite a generous sprinkling of misprints—is good value even at seventy shillings. 


7 


GORDON TRASLER 


Ingratiation: a Social Psychological Analysis. By Epwarp E. JONES. New York: 
Appleton-Century-Crofts. 1964. Pp. xi + 211. No price given. 


Professor Jones has, in the past, experimented extensively in the area of person perception, 
Contributing notably by his work on the ways in which interaction, and consequent judgement, 
are affected by the orientations and expectations of the participants. The present study is a 
natural extension of that work. He explains that the study of ingratiation sprang from the 
demonstration that our judgements of others are st rongly affected by the face they present to us. 
" Ingratiation ! refers to presentations which are motivated by the desire to create an attractive 
face. It further implies, by definition, that the ingratiator is perceiving the interaction Situation 
in a different way from the ‘target’ person while giving out signals intended to assure him that 
they are sharing the same perceptions, 

In a conceptual analysis of ingratiating behaviour, Professor Jones lists possible strategies 
and tactics, the main tactics distinguished (these are to become experimental paradigms) being 
(1) the use of compliments to enhance the self-esteem of the target person, which may have to be 
exercised in a devious way since the ingratiator’s goal may not be achieved unless his motives 
remain concealed; (ii) conformity to the opinions and behaviour of the target; (iii) self-presenta- 
Jon in a manner designed to increase one’s attractiveness. The implications of various situat ional 
factors, Such as differences in the power relations of the participants, applied to these tactical 
Mnauvres, give rise to a number of hypotheses, tested by a programme of experiments. 
"he work of conceptual analysis and hypothesis formation draws upon other theories in social 
Ko Pology—Festinger’s cognitive dissonance theory, Heider’s balance theory, Thibaut and 
elly’s analysis of power relations and Goffman’s ideas on ‘faee-work ‘—and is set within the 
framework of investments, rewards and costs, as used by Homans, among other: Thus, 
9m the gains of the experimental programme, this work also contributes to the integra- 
Dua ory in the areas of social interact ion and persis perception. However, the yield of the 
ntal harvest is a little disappointing. Several hypotheses failed to achieve confirmation, 
" Bord too often one suspects that the fault lies in shortcomings in the design and testing-out of 
E menta results is undermined, 


5 art fr 


boy al conditions. Consequently, confidence even in positive 
e a, AU Otk lavka: vexdiseus ene " á 
"peri » the experimental work lacks replication, despite the fact that the eight 


: A or nine 
nts collated here have all been published independently. 


The main value of the book 
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therefore lies in its theoretical analysis, and this could have been increased by further work on 
the supporting experiments. The concluding chapter shows that the author was by no means 
unaware of the inconclusiveness of the study. He says himself that it would be useful to verify 
and replicate the relationships reported here, although he appears finally dubious of the value of 
laboratory experiments in the analysis of phenomena of this kind. Ingratiation phenomena, 
he says, studied by such a strategy, often turn into something else, so that we end up with = 
‘vaguely bound cluster of social influence strategies each having its own phenotypic properti os 
However, it can surely be argued that the 
never a useless activity in psychology. 


demolition of the categories of “common sense’ 15 


THELMA VEN ESS 


Social Psychology: The Study of Human Interaction. By T. M. Newcomer, R- H. 
TurxeR, P. E. Converse. New York and London: Holt, Rinchart and Winston. 
1965. Pp. xii + 591. $8.50. 


Newcomb, Turner and Converse have written a textbook on social psychology that has 


several major asscts: it presents a coherent account of the subject, which in itself is nO minor 
achievement ; it is firmly based on empirical work, containing some sixty detailed research 
illustrations and using fully the senior author's recent work on siia process of becoming acqua 
it aims to combine psychological and sociological approaches; it does Tot Xue a shibboleth out 
of any particular theory; and it is written throughout in seatlab la English : 

The text is organized in four parts. Part I is entitled Individuals’ Attite l 1s; Part II process’ 
of Interaction ; Part IIL, Group Structures and Properties; Part IV E eei n Group 
Settings. There is an excellent appendix on attitude Molte tmd Ve ; € t one on survey 
— eps the Ineasurément. of public opinion, and one on Balesi emis “ proc 
eae d imi ders Ae one of the most widely used methods of describing inveractio® 
A similar situati . groups’, a claim which their own research illustrations do not bear ee 

imilar situation occurs with regard to Guttman scaling which i VT j xemplary 
clarity in the appendix, but not mentioned anywhere is he iia. 3e plained ne P pakes d 
statement on page 51 on the need for studying multidi it es the book, unless one ^. yita 
as an implied critique of Guttman scaling. We imensional stimuli in their ful air be 
tadis only Xo theextant that Sporenie are all wont to say that major problems 
which were eminently suitable for past pm rie od are invented. True enough ; b 
st problems in social psychology have a way 


on in textbooks as if they were still sui cial 
psychology. ill suitable for the more complex tasks of curre? il 


inted ; 


ut met 


In the text itself the author: i 
$ s treat attitud air 
throughout to the individual as being NE ME ba of social psychology: 

S ea in 


] n 
tion of his attitudes. The early expositi social psychology by the Preh goes 
Ten) y exposition of atti psychology by jch £9 
hn attitudes fi i the, s xi ;hie 
through the entire book, even more so than the author es ihe coherent thread hod 1 18 the 
concept of interaction. ors’ professed major theme, whi 


Since there are now several good textb e 
sary to look at each new: i ooks on social psycholo i it become? ^^, oP 
Reweombis Social Recher: x i comparative fashion. This so as pass en nt pr 
date; of the almost 300 hs palettes) in 1950. Not only renee it i A jtably mo? lore 
Siti adl sophistiontadi tes Sirs about 190 refer to work races : fie icm it is also T né 
adults should be treated. duces oe pic the undergraduate es to intelligent ka 
comings. As the authors recognize, tho Friede book imply also some E ed A 
omit several areas of work in social psychology dk ucing a coherent text compelle x Juws 


-op vO. 
a fa wer " Jior V, 
and are covered in Krech and Crutchfield. The terms ‘ ere covered in Newcomb’s earli atio". 


are not even mentioned in the index. If thi personality’, ‘culture’ and *gocia ion P 
Roger Barker's ecological work, am = be justified, a ‘more regrettable omi" a 
presents one of the few new approaches in A rd developed in the last fifteen yeo p 


N a ith oif 
psychological meaning of both physical and social psychology which deal adequately en me 


ue: is under-represented. environment. Sociologists may f^^ i 
s a result of such omissions the volu: i y 

3 8 me will ha: : ; : i her 
and selectively, rather than as the basis for a niin MH euni een pen 2d 
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Parental Behavior and Sources of Information in Different Social Groups. By T. 
NuxwENMAA and M. TAKALA. Jyvaskyla Studies in Education, Psychology 
and Social Research, 11. 1965. P. 52. No price given. 


This monograph presents the results of a survey of the maternal attitudes and child-rearing 
practices of 785 Finnish mothers. Using school records, the investigators chose a nation-wide 
Sample of families, with the restriction that every family should contain at least one child aged 
3-4 and one aged 10-11 years. This extensive sample was stratified, so as to make possible a 
Comparison between mothers in different social classes and in rural and urban districts. The 
Mothers were interviewed at home using a 140-item questionnaire; questions covered health, 
Physical development, toilet training, sex education, expression of affection, educational 
achievement and plans, the child's frankness with the mother, religious behaviour and punish- 
ments. It is perhaps a pity that a few of the items referred to events which had taken place 
Some time ngo— mothers memories about toilet training, for example, are not always to be taken 
at face value—but on the whole the questions were sensible and straightforward. 

The interviewers were twenty students of psychology of whom more than half were women. 
They wero given a ten-day course in interviewing techniques, and undertook the field-work in 
their own home districts. The authors write: ‘The 
Tather high, and the fact that cach of them intervi 
probably safeguards against any systematic effects due to interviewers.’ There are, however, 
certain dangers inherent in trying to combine a research-training exercise with a serious research 
projeet, the most obvious being the temptation to include the results from all the interviewers, 
good, bad and indifferent, and to treat them all with equal respect. Possibly the investigators 
were aware of such difficulties, and this would provide an explanation for the curious way in 
which they decided to analyse and present the results of the study. Although most of the original 
questions seem to be given in full, it is not possible from the report as published directly to 
compare mothers in the eight different groups (4 social classes x 2 types of district) according 
to the answers given to specific questions. 

Instead, the individual questions have been grouped together in small clusters, defined partly 
by area of content and partly on the ground that the answers to the questions within each 
cluster are positively correlated for each of the eight groups. We are not told the degree of 
Correlation thought necessary, and indeed it seems that even the basic requirement of positive 
Correlation is waived in a ‘few exceptions’. The authors then present only means of cluster- 
Scores for each of the sub-samples. From the practical point of view, this method of presenting 
the first-order results is particularly frustrating because it is quite impossible for the reader to 
&bply orthodox statistical tests to the results for any given cluster in which he may be interested, 

his is especially irksome where the amalgamation of results seems unduly arbitrary—where, 
for example, it is impossible to distinguish between incidence of corporal punishment in the 
Upbringings of mother, of father, and of the present children’s playmates. To confuse the issue 
Still further, the report then plunges into a factorial analysis based on some, but not all, of the 
x Uster-scores; and the final interpretation rests upon six factorial dimensions labelled “general 
- °rmation’, ‘candour’, ‘religious behaviour’, ‘personal communication’, ‘schooling’ and 

Professional advice’. 
ith such a tortuous statistical approach, it is not surprising that the original aim of this 
Vestigation—‘to describe what sources of information are used by parents in various social 
Soups in connexion with different problems encountered in child-rearing and upbringing, and 
i Procedures are eventually adopted ips almost lost sight of. An attempt in the final 
Bsp any to tie up intentions with results is not convincing. To quote one conclusion: ‘In 
an eral: When the parents have to cope with an “institution” (of these the school, the church 
Seong tical science were dealt with in the present study, but the results could well apply to 
Of ex mie and governmental institutions), parental behaviour would be afiedted by the Opinions 
Va, P erts, though not in the same way or by the same sort of experts in all cases.’ This statement, 
the "4 ba 1t is, is only minimally substantiated by the evidence published here; and to read that 
Meqi hors think they have ‘dealt with’ the mothers’ relations with ‘the school, the church and 
Since al science’ makes one search through the interview questions for missing pages. Indeed, 
oneer © Only question relating specific advice to specific action, even by implication, is that 
ing. drugs prescribed for the child, it is difficult to see how very definite conclusions could 


fact that the number of interviewers was 
ewed representatives of each social status 


ni 
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i i "ev > st concede the limitations set by the use 

be reached on this topic. Here again, however, one mus 
im pui here was obviously a great deal of interesting material in the original 

oe io » 2 Finland as in this country, middle-class parents are more likely chum. 
Een ao ees ; a early toilet training, more likely to encourage physical ex pre sions 
Room xe ems : - where babies come from, to read and to possess books, and to take 
a ut I - js heit children’s education. The sources from which these attitudes art 
pine oe poo ad nee lex: but they are not entirely unamenable to investigation. It d 
ogee ver den this Ex uy has cleared the ground for a more direct and probing attack 
E e iren just Da immediately relevant to any study of the child in his family. 
up E 


ELIZABETH NEWSON 


The Family and Individual Development. By D. W. Wissicorr. London: Tavistock 
Publications. 1965. Pp. 181. 30s. 


‘It is better to exist in prison than to become annihilated in meaning] eomplianeo" Len e 
*We are poor indeed if we are only sane' (p. 61). These quotations highlight u Sonnets! ir 
Winnicott’s philosophy: social adjustment at the expense of individual integrity is bo ji i 
worth having. Not only do symptoms have utility (as when he de scribes Bon 
nail-biting as *a sort of built-in psychotherapy’) but mental illness itself, including oon 
and psychosis, may represent an individual's only hope of breaking down the facade of a TRUE 
self’? and discovering his true identity. This radical view of psychopathology, as yes ps 
appreciated by the general publie or the caretaking professions to whom these lectures 
addressed, opens up a new and arresting perspective on many current problems. "TM 

How can one tell a ‘true’ from a ‘false’ self? This point might have been more ced 
developed, but we are given certain clues. There is recurrent emphasis on ‘that aupra s. 
which alone makes life worth living’ and on ‘the creative impulse, that which (as nothing ¢ “ha 
proves to the child that he or she is alive’. Creative spontancity is made possible by La st 
and reasonably strict mothering, which provides an example of moderation for the taming © ido 
primitive superego. In chapter 2 we learn that ‘if the mothering is not good enough, then (i 
infant becomes a collection of reactions to impingement’. The inference is that such fragmenta P y 
more or less stereotyped reactions cannot integrate into a whole person; only reliable end 
relationships can build up a coherent individuality that will be true to the inherited potens. 

In adolescence, the integrity of the self is severely tested. Winnicott welcomes the Curr of 
exacerbation of ‘adolescent doldrums’ as an inevitable concomitant of the disappearance go 
military discipline and preparations for war; does it not also apply then to the youth of ves 
countries which are still preparing for or engaged in war? He insists on the rightness of 


` H 1 ] i all 
adolescent's need to feel real, and to test his reality for himself. This entails the rejection 9 

compromises, including those involved in adult moderation 
reacting with antagonism which can be me 


the challenge’ (how ?), but not try to cure t 


, and the need to prod society ^ 
t with antagonism. Society, he adds, should me 

: > he doldrums, which are essentially healthy. ath 
Is this asking more tolerance than the community ean give? What in fact should be done b : 
hooligans whose reality-testing, however valuable to themselves and their less disturbe i 
admirers, jeopardizes the safety of others? This question is not answered directly. But sine: 
the author believes that a sense of deprivation always underlies antisocial behaviour, a parte r 
answer can be found in two chapters dealing with those deprived and maladjusted children fo 
whom residential care is found necessary. ` 


3 RA a CMM ` i m 
Despite his profound individualism Winnicott 1$ no anarchist. Nor does his decp faith 
life ever fall into sentimentality. There is always the saving, wry remark, or the sober mene 


4 are 
on a case that went wrong; or a shrewd rendering unto Caesar with regard to practical manag 
; t A ec 
ment, as in the recognition that delinquents whose cap: 


H " 3 € 
: Ten acity for personal response has b 
stultified early will always need firm discipline. m 

It is tantalizing at times that the lecture form forces him into ex cathedra. statements, ins" 
ciently supported by evidence, on some striking and controve 


ro bee”, 
: rsial point which might hav? ` of 
better substantiated had space permitted. But the form ha; 


argument, informality and appropr 


os 


B H igene 
S compensations in concise! 


" sint 
iateness for the non-psychiatric reader; while the or ad 

and challenging quality of the thought makes this book most rewarding for profession? i F 

layman alike. ook 
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Organisational Stress: Studies in Role Conflict and Ambiguity. By R. L. Kany and 
others. New York: John Wiley and Sons. 1964. Pp. 470. 70s. 


Over the past decade there has been a spate of writing by applied social scientists an n 
pact of the organization upon the individual. The focus of attention on organizational gen > 
1S more than justified in the prevailing conditions, since, by tradition, social institutions itd 
Testrieted the individual's growth as much as they have helped in meeting his deficiencies. Here 
© problem is studied within the context of role theory and the findings clearly demonstrate 
the contributions to the individual's work-related tensions of conflicting demands by associates 
and ambiguity of work roles. 

This book is the result of five years’ research at the University of Michigan supported by the 
National Institute of Mental Health. The work was carried out on two fronts: an intensive study 
of ‘focal persons’ and members of their ‘role set’ in six firms (role set is the term used to 
describe all those people who have expectations of the focal person) and a survey of a menona! 
Sample of 725 working people in the United States. The principal interests of the authors appear 
to have been to explore the extent of job tensions, measured by attitude scale, and to link this 
With role conflict and role ambiguity in an attempt to identify the interactions with organiza- 
tional processes, interpersonal relations and personality variables. 

The major causes and effects of stress are covered in some detail with the arguments supple- 
mented by caso studies and statistical analyses. Though the reader is apt to find himself at sea 
in the wealth of material, the book is well structured. Sound use of headings, carefully outlined 
aims and definitions, consideration of results within the framework of a role dynamics model 
and the use of short chapter headings, all contribute to its readability. Only in the description 
of the method, which is not easy to follow, and in the conclusions, which the authors begin by 
Presenting new material of a summarizing kind, does this work fail to maintain its high standards. 

The results from the national sample suggest that only one job in six is free from stress. The 
Studies show that conflicts in the expectations of ‘role senders’ are positively associated with 
Subjective experience of tension and that these conflicts are mostly of a hierarchical kind. Role 
ambiguity is shown to be one of the results of technological factors, in particular technical 
change, and is also linked with higher job tensions. It would be interesting to duplicate this 
American study in Britain. Kahn and his associates note that work-overload is a major source 
of stress among American workers: one suspects that lack of responsibility and underemploy- 
ment may be more important contributors here. 

In their attempts to present a comprehensive picture, the authors have tended to develop 
notions which run beyond the bounds of their data. Some confusion is also caused by the authors? 
failure to define their concept of mental health. Repeated reference is made to effective perfor- 
mance, a notion we would expect to find in any discussion within the context of positive mental 
health, yet there is no empirical evidence on that subject. Although the descriptive part of the 
exercise seems highly feasible, the practitioner is left to solve his problems of stress, organizational 
change and the like by first identifying an entity, the ‘focal person’s role set’, which is larger 
than the individual and yet less precise than the group. Who knows? The results may be worth 
the effort. 

This is a good textbook for the social scientist who is interested in organizational problems 
and role theory and it may well prove useful to the well-informed practitioner in search of a model 
Within which to consider the shortcomings of his firm. 


in 


DENIS PYM 


Socia Psychology in Treating Mental Illness: an Experimental Approach. Edited by 
Gzonag W, FAIRWEATHER (ed.). New York: Wiley. 1964. Pp. xii + 300. 60s. 


o lhis is another study of an attempt to tackle the problem of rehabilitating chronic mental 
qal Patients. Although a number of such studies have been published in recent years, 
loy, st Studies are welcome if they can be shown to provide new data. This book does provide 
Wor “ata. Tt has been edited by a clinical psychologist and is ‘the culmination of three years of 
Stig i a continuing social psychology and psychiatric research effort aimed at finding a real- 


3 nd pragmatic solution to the problem of the chronically hospitalized mental patient’. 
l 


Gen. Psych, 56, 4 
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i it is ; clear whether they are 
th have contributed, but apart from the editor it is not clear v 
Twelve authors ; e ape | 
i sychiatrists, social workers s we i nm 
psychologists, psy ma ell organized and given detailed statistical treatment. At pa aod 
hectare koe beat io present the material in non-technical language, so that a ies 
: > conclus $ 
dm oe wid seit mediis trained in technical research can understand the con 
trators and others not § 3 » 
"hic ey are based. : . . mE si 
and the data on Lm observation that the protective hospital setting with its —€— S: 
cari nace tm cannot be expected to prepare him for the more rigorous demit - n 
j 5 i i r "T ishine "i S 
demands rg ide. An attempt to bridge this gap is made by ae Kors ien 
d uts . Ps a = " E. EE e p i > po 
NEN: fhe hospital who would return as units to the community. The behav ae oa? 
. S WI Y S 3 i 2 vi 2 * 
€ lischarge of patient-led task-groups of this sort was compared with that een 
£ aischa e E H tu l] 3 i Ta i ; P 
and after ized in the traditional manner of superordinate staff and subordinatc Saee icm 
ires d "as fi l in the Claybury study, the effect of changing son 
$ : as was found in the Claybury y, i a 
sis of tho hospi cial spi "hree chapters deal with this 
g t i i , ras felt all over the hospital. Three chapters 
he hospital social system was 
parts of t 
interesting problem. 


ugh there were clear advantages in chang $ "jour of ^ CUT s com- 
Alth € e cle: ges in c ge of behaviour of the small task-groups ¢ 
Although tk 3 l 1 t 1 i 

pared to the traditional ones, these gains were not alwa; 


i 3 itv life after 
ys carried over into community life = : 
i $ — afte 

ignific: ences were found in the small task-groups 

discharge. For example, although significant differences were found 


discharge compared with the traditional groups in employment, friendships and aram oi 

munication with others, no differences were found in the rate of rehospitalization, en bin of 

illness (i.e. symptoms complained of), drinking behaviour, nature of residence, members 

community groups and involvement of leisure-time acti ‘ities. "m 
The authors conclude that training for community living should be done in the wins 

and that organized patient-led task-groups of mental patients as a rehabilitation device 8 

be carried out in a community setting rather than in hospital. 


B Js E ^ TOP ning 
Anyone wishing to work in this important area should read this book with care before plam 
his research. 


" iTON 
RALPH HETHERINGT 


> and 

Case Studies in Behavior Modification. Edited by LEONARD P. ULLMANN p 
LEONARD KRASNER. New York: Holt, Rinehart and Winston, 1965. Pp. 40? 
64s. 


This book contains 50 case-studi ^8, most] 
in the majority of cases with deviant be 
throughout is very much on ope 
book is American. There is also 
is behaviour modification ?' 
nosologies, 


ad 

] n ; " 'oneernec 

y reprinted from a variety of journals and conc tre 

: H E : H The 8 " 

haviour in children and schizophrenics. Tho in this 
ennai : ; ad ir 
rant conditioning and practically all the work included i 


t 
1 A 1 = sgag Who 
an extended introduction, running to 67 pages, entitled 

; this discusses the 


Samet 
nature of mental illness and the value of ae 
the bases of the practice of psychotherapy and the proper role of the psychother det i 
Also provided are introductions for each of the five sections into which the material is divic int 
severely disturbed behaviours, classical neurotic behaviours, deviant adult behaviours, dev! 
behaviours in children and mental deficiency. 
The editors point out that i 


> 7 " d the 
" si their book differs in many ways from Behaviour Therapy @ 
Neuroses. None of the articles appearing in these antholo 
studied differ very much from one v 


205 
à os of case 
gies overlap and the types © 


a qe , now 
olume to the other, some 70% of the material in tht 


sie? 
book being devoted to children and schizophrenics ag against less than 20 % in the on 
volume. They say that ‘in great measure the availability of this much material illustrate? et 
viability of the field. Only six of the fifty articles printed in the present volume were publi? 
before 1960, the date of Eysenck’s Behaviour Therapy and the Neuroses? They also stress thatt sns 
have written for a more application-oriented audience, ‘a matter which may reflect the incre”, 
ing acceptance of behaviour therapy and behaviour modification’. The readership aimed n 
both on the undergraduate, non-specialized level, and also among practising psychotherap" i t 
The use of case-histories in this connexion derives from the desire of the editors to ‘PT°® to 
material at an inductive level’. 


. 3 ac 
They use these eases as "illustrations of what is being de ‘not 
mitigate and change maladaptive behaviour’, fully aware of the fact 


“al is 
i SW HC ing: ape ; À that such material 1 hi 
evidence or validation in itself’. From this point of view this is an excellent production vi ipe 
should be in every psychological library, and familiar to every clinical psychologist. The € 
of cases is first-rate, the production of the z 


: sin 
book impeccable, the price reasonable; and the" 


ar 


j e 
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duction and comments by the editors combine an easy readable s 


le with a profound under- 
standing of the issues involved, and a thorough theoretical and practical acquaintance with the 
whole field, Few readers unfamiliar with the subject matter of this book will be able to avoid 
experiencing a mounting feeling of excitement as they become av 
have 


re of the great strides which 
been taken in clinical psychology by experimentalists applying the laws of learning theory 
to patterns of abnormal behaviour. A field that once used to be a prison of spurious orthodoxies 
has suddenly been thrown wide open by groups of young rebels, many working in isolation and 
quite independent ly of each other: more new ideas have been generated in the last six years than 
in the 60 years preceding the publication of Wolpe’s book which might be said to have formed 
the fons et origo of this movement, and there is little doubt that now that the log jam of ideas 
has finally been. broken many great developments will follow. Books such as this play an 
invaluable part in making these new ideas available to students and others who may in due 


Course be called upon to contribute to these developments. H. J. EYSENCK 


Can Psychopathology be Measured? Edited by HAROLD WHIPPLE. Annals of the New 
York Academy of Sciences, 105. no. 15, pp. 813-926. $4.00. 


The odd title of this booklet is matched by the contents, most of which are not concerned 
With the measurement of psychopathology, in the usual sense. The series of papers are preceded 
and succeeded by an introduction and postscript by J. Zubin which are worth r 
although the points made are not new, they are made very well. 
research on schizophrenic patients, three of them comparing their results with normal control 
subjects, Pupillary reactions, the effect on specch of delayed auditory feedback, the use of the 
‘cloze procedure’ for analysis of speech and the characte sties of schizophrenic speech. The 
quality of these papers is high and they will certainly suggest lines for further invest igation. The 
paper by Burdock and Hardesty gives an account of the construction of a diagnostic inventory 
for children’s behaviour. Tt is a bold attempt to tackle a very difficult subject, and such a seale 
is greatly needed. Tho last paper is a straight clinical paper on mental illness in the aged. 

These papers are good and will certainly be quoted in the literature in duo course, but it is 


difficult to sco what links them together; certainly not tho title of this partieular section of the 
Annals of the New York Academy of Sciences, 


eading, for, 
The first four papers describe 


MAX HAMILTON 


Can We Explain the Poltergeist? By A. R.G. Owen. New York: Garrett Publications, 
1964. Pp. 436. $8.50. 


The answer, it appears, is no. We cannot explain nor ean we explain away the poltergeist. 
Asastart, however, we can make certain tentative generalizations about the phenomena involved, 
and in this scholarly and serupulous survey Dr Owen (mathematician, lecturer in genetics, Fellow 
of Trinity College, Cambridge) has gone about as far as it is possible in present circumstances to 
Put the problem into perspective. 

What makes his task such a ticklish one is that he has constantly to worry about the authen- 
ticity of the evidence that he is discussing. He rightly points out, however, that even one really 
Well attested case may throw a flood of light on the more dubious cases. Fortunately he did find 
One case of recent occurrence where, after interviewing the witnesses and going into every detail, 
l6 was able to satisfy himself that none of the usual explanations in terms of suggestion, mal- 

Servation, trickery, earth-tremors, ete., was applicable. This was the Sauchie Poltergeist 1 
Where the disturbanecs (movements of furniture, loud raps, ete.) centred around an eleven-year- 
old girl whose parents had just previously migrated to Scotland from rural Ireland. The age, 


lero, ig fairly typical, and as to sex we find that girls become poltergeist foci roughly twice as 


"quently as boys. 


fy ter Studying the author's account and having myself met one of the witnesses (he was the 
ep by doctor) T am quite sure that Owen was justified in committing himself to a positive con- 


Sion » * 
lv In thi 


s instance. What makes the Sauchie ease exceptional is that the witnesses include 
e ` 
m Professio 


nal persons of good standing (a clergyman, three qualified physicians and à primary 
teacher), Of course, how far such a case justifies us in accepting some of the more fantastie 
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cases cited in this book will be a matter of opinion. As Owen points out, in this field credibility 
goo rs MN 
rom a X EC AU. i zery unusual one, of coping with repressed anxicties: + 

It would seem to vertes Sling TS fa physical ey: of view, on the other hand, iho 
once called it 5n E xnálke intelligible ths modus operandi is truly staggering. The trouble ~~ 
problem of try 25 zs dealing with some indiscriminate explosive force of unknown origin pu 
irühab ee us ee edat movements of objects that ereate the effect of an invisible imp playinz 
with ag eo a be wrong, however, to make our bafilement an excuse for ignoring a pheno- 
e BE Vides rare eusugh in absolute terms, is of fairly regular incidence. (Owen gan 
shoal m case pets reported from somewhere about once a year onan average). Let ds 1 ate 
ase reaulto£ De Owentthvaluablecontribution to the topic, men of science will be pe ibd 
in future to take an interest in these matters. It is only a pity that its usefulness as a ha 


is much reduced by the absence of an index. J. BELOFF 


Ergonomics— Man in His Working Environment. By K. F. H. MURRELL. London: 
Chapman and Hall. 1965. Pp. 496. 63s. 


s 7 wxception 

For some time now there has been a need for a textbook of ergonomics. With the exce pd 
of brief reviews such as Fitts's chapter on engineering psychology in Stevens's handbook p 
the contributions by Fitts and by Taylor to Koch’s Psychology : a Study of a Science, vol. 5, 


student is faced with an unhappy choice between handbooks on equipment design which cone 
of specific recommendations, usually presented in a comic-strip format, and original resco" 
reports. . siu 

One problem in writing a text is that the Subject is of interest to workers with widely Yn ite 
backgrounds and it is difficult to cater for all in a single volume. Murrell has opted to WT" ct 
primarily for engineers and managers, and in order to give them an understanding of the Lu pr 
he has prefaced the main section of the book with 125 pages of background material on hum 
biology. 


Human biology is covered by chapters on Bones, 


; " vices + 
n Joints and Muscles as Mechanical Devic 
tion; Body Size; Thi 


e Nervous System; and, finally, Man e 
t brings together much intor 

he ergonomist will particu 
their current inadequacies. vs 
ome points are treated superficially while anak 
g is sloppy in places and references are scat /here 
rtion, some facts are carefully documented. W eel 
ly in providing guidance to further reading: © 


larly 
The 


ssary detail. The writin 
ile much is straight asse 
articularly useful, name 


at random, so that, wh 
references would be p 
are absent. 


ing, Displays, Controls 
Factors, with chapters on Heat, i : Tos and 


in which he discusses Techniqu 

Pauses, Pacing, eto.), Inspection, Shift Working, and Ag 
Murrell has taken a rather narr 

he has confined himself almost e 

of current knowledge in this are 


; tors: 
n; and (3) Organizational Fae 
cy, the Organization of Wor 
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forms of presentation: some chapters read like research reviews, whereas others list recommenda- 
tions. The review chapters lack the thoroughness to be expected of genuine research reviews. 

9 give one example of this, the work of Colquhoun has been completely overlooked in the chapter 
9n Inspection. This particular omission could have arisen because Murrell decided to present 
Only field-studies, but with other topics laboratory experimentation has been described at some 
length, . 

The book is reasonably up to date, the cut-off year for references being 1963. There is no 
mention, however, of a number of recent trends such as work on the design of consumer goods, 
9n devices such as telephones which have to be 
Intelligible instructions, on the relevance 
those that postmen will put on letters to 
training has been overlooked. The 


worked by the public, on the problem of writing 
of verbal learning research to teaching codes such as 
permit automatie sorting. Indeed the whole subjeet of 
psychologist who buys this book to find out what ergonomics 


18 about will receive the false impression that it is restricted to studies of tasks undertaken on the 
factory floor, and this is unfortunate. 


Production appears to have been rather hurried. In chapter 1 there are some careless mistakes. 
The plates would have benefited from more care: 


: some, such as photographs of noise-level meters, 
are unnecessary, some are inserted in the wrong place, while others are of appallingly poor 
quality. 


H. C. A. DALE 


An Exploratory Study of the Perception of Causality. By LAMBROS Hovsstrapas. 


Monograph Supplement xxxvr of the British Journal of Psychology. London: 
Cambridge University Press. 1964. 22s. 6d. 


It is a pity that the Monograph Supplements of the B.J.P. ar 
Supported. They afford, as near as can be, the ideal medium for the publication of research 
reports. The traditions and conventions of the universities make theses as presented for higher 
degrees almost invariably unpublishable. Even the full-length article in a journal is too cramp- 
ing. The Monograph Supplement is just about right. It requires some pruning of the thesis, 


but enables the author to report his facts in sufficient detail and to develop his interpretation of 
the facts. Of this, the latest of these monographs is a g c 


e not more widely known and 


xperimental studies which advance in important ways 
perception of causality; and, while following 
indicates some respects in which Michotte’s interpretations of the 


The experiments reported demonstrate conditions under which one object is perceived as 
changing the form of another object, compressing it or displaying its elastic properties. In 
another series of experiments the phenomenon of ‘pushing with contact’ is shown to occur 
when object A and object B move simultaneously. 


Michotte, while opposing Hume on some fundamental issues, had accepted Hume’s thesis that 
a cause-event must precede an effect-event. Houssiadas reports observations in which the two 
events can appear to be simultaneous, as when, in ordinary experience, the movement of a 
train seems to be simultaneous with but is judged to be the cause of the movement of its shadow. 

Incidentally, but importantly, facts are reported which bear on discussions of causal action 
at a distance, on the distinction between ‘agent’ and ‘patient’, and on the relation of the concept 
of ‘causality’ to the concept of a ‘thing’ or ‘continuant’. 

The facts set out are important, and of interest in their own right to psychologists. 
Dot without importance to the many philosophers who today are interested in the a 
Psychological concepts and the validation of psychological findings. Michotte was perhaps a 
little ©ver-concerned with the relevance of his findings to the doctrine of causality defended by 

"me and his philosophical epigoni. Today, however, few authorities would deny that Hume 
tried to Support an over-simple analysis of causal statements by an over-simple account of the 
Iaychology of perception. A distinction must be drawn between epistemological and psycho- 
6 Si questions. Philosophers are concerned mainly with the question: how do we know that 
ita *Yent is the cause of another ? Psychologists are concerned with such questions as: ho 
co pear that one event is the cause of another, even when we know 

Dexion? Hume would not have been—or should not have 


They are 
nalysis of 


w ean 
that there is no such causal 


been—in the least disturbed by 
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Michotte's findings. He should m been delighted by the evidence that we make causal judge- 

" shi nstrably illusory. -— 

wer Ete concept of ‘cause’ it is of interest to note that there is nothing 2 € 
experimental phenomenological studies to suggest that anyone ever gets tne impression o 

being a “pure and simple” relation of causation of the kind which some writers s pag 
The impressions of causal actions which are perceived are impressions of certain speci jo n à 
of action such as pushing, pulling, repelling, attracting, deflecting, intercepting, deforming, is S 

On the question of validation of causal statements it might seem odd that in the more striking 
cases in which there is an immediate perceptual impression of causal act ion real causal action 15 
demonstrably absent. The psychologist knows when A really cau B, and how A causes B. He 
knows when and how A only seems to cause B. He must know this in order to design his exper 
ments. But he does not know how A causes B qua psychologist but in virtue of his ‘general 
science’. He knows how the card behind the screen rotates and how the variables of speed of 
rotation, ete., really produce the illusion of causality. He infers real causal connexions M 
accordance with the criteria of the natural sciences, which criteria do not include the perceptual 
impression of causality. The ‘impression of causal action' is never used as evidence for real 
causal action. 

There are indeed phenomenological differences between the c 
horse is pulling the cart and that in which we judge that the car 
validation of both judgements depends on further evidence. . 

The most difficult issue in these phenomenological studies is that of distinguishing ‘immediate 
impressions’ in perception and impressions based on past experience. ‘The methodology of 
establishing such a distinction is frightfully complicated. Clearly, the judgement that the mover 
ment of a train is a cause of the movement of ‘its’ shadow while the movement of a shadow does 
not cause the movement of ‘its’ train is not based on watching innumerable examples of shadows 
‘following’ trains or of trains following shadows; but it does depend, surely, on past experience 
which enables us to say what it is to be a train, and what it is to be a shadow. So, t00, impres- 
sions of apparent causal actions displayed by shadows in a shadow picture on à sereen are 
corrected by knowledge of how shadow pictures are produced. And so, mutatis mutandi with 
the effects produced through Michotte's very ingenious instruments. 


There are clearly several very different sorts of issues to be disentangled. In this m 
gled. 


s seem to suggest. 


in which we judge that ines 
; is pushing the horse. but the 


onograph 


ies are not Hispa ee could this be reasonably expected. The report m 

owever, contain all or most of the facts required by psy gis Josophers who m&Y ?" 

disposed to disentangle them. ane a. MACE 
c. A 


Mathematics and Psychology. Edited by Gr jon 
gy. E AEORGE MILLE (ew York and Lone 
Wiley. 1964. Pp. 295. 425. , Voy guine Se 


Those who are not themselves mathematical Sy! 
towards those who are. Much mathematical ps: s 
outsider. Moreover, there is the suspicion hata 
if the mathematics are sufficiently elaborate 
matics is, one hopes, ^ i 


P " eli 
chologists have at best ambivalent fee 

ology scems difficult and inaccessible 
poor theory can be made to seem 1 


At the sar i moaned 1 for 
generally recognized. This book dmi el de 


x ; ad 

mathematical ps; : provides a first-class conduetec 

as m Mn o ee iru ie increase understanding of what has been going onm 
$us Sas S s m papers with i dpa o ene A: 

With one or two exceptions, the sth with introduction and comment from Gcors' by 


5 i ts have " 
those with only a limited knowledg, pts have been so chos 


e of mathematics. 


en that they can be understo feat 
the reader, Miller’s lucid exposition of the 


av. ; de 

th Even where the mathematics may " 

y peenis : r author's ideg E B š inating: ? 

Miller distinguishes discursive, normative fy will be found highly illumina? nate 
> Ci (t 


t 
ick im paya i4 ‘ : and structural appli i8" 
matics in psy chology (but without implying that they: az PP mee d 1 
cursive application does not actually use mathen ati 'y can be sharply differentiat« : matic? 
à : y use natical m R : . he 
notation as a convenient extension of n ical reasoning: it merely uses mat? om 


atural langua; D. 
Lewin as an example of this use of mathematics rue : 
s. also 


concepts as forces. A normative application involves th 

H H H ín e 
efficient way to achieve specified go 
our choices. This is a relatively nov 


redictably, he gives an excorpt y 5 Or, 
includes a passage from Herb?" os 

: use of mathematics to discover" oe wid 
als or to formulate rules which we do or should use ds 


el use of mathematic: iust? uy 
j 5 "mp ematies to psychologists and all the illus se? 
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xcerpts are from the writings of non-psychologists—D, aie Ww. 8. Jevons, F. P- pRa” 
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and J. Marshak. (The one from Marshak is from his review of games theory.) He does, bic 
describe how Ramsey's proposals for measuring utility and subjective probability separate Y 
Were utilized by Davidson, Suppes and Siegal in 1957. A functional application of mathematics 
is the one which is most familiar and involves the statement of laws in terms of functional 
equations. Functional applications can be subdivided into determinate and statist ical. Passages 
from Fechner, S. S Stevens, Hecht and Hull are included as illustrating the former. Among his 
examples of statistical appli 


Birdsall. 


ations are excerpts from Thurstone, Estes and Tanner, Swets and 
He also includes part of his own paper `What is information measurement and an 
excellent passage from Bush and Mostellar on the value of stochastie models. Pianis structural 
applications involve "the use of mathematical notation to represent the reduction in degrees of 
freedom that must occur in any structured domain’. His illustrations include excerpts from 
Spearman and Thurstone 
Back on group structure. 

This book is highly ree 
mathematical psychology. 


on factor analysis, Chomsky on language, and Festinger, Schacter and 


ommended for everyone who wishes to have a look at the field of 


JOHN BROWN 


Intermediate Statistics. By R. S. Ropa 


ER. Sydney: University Co-operative Book- 
shop. 1965. Pp. 168. 59s. 6d. 


This textbook is written primarily for psychologists and social scientists. It is appropriately 
entitled ‘intermediate’, for it assumes from the outset that the reader already has some know- 
ledge of the elementary concepts of descriptive statistics. It is a short book containing only 131 
pages of actual text, but as it is concisely written it covers a fairly wide range of topies. 

The first two chapters are introductory and deal with terminology and notions about hypo- 
thesis testing. The next two deal with simple analysis of variance models and are followed by a 
chapter on multiple contrasts in analysis of variance in which the methods proposed by Duncan, 
Tukey and Scheffé are discussed. In chapter 6 regression is briefly mentioned, in preparation 
for a discussion of trends in experimental data. Chapter 7 is entitled ‘Frequency Counts’ and 
the topics considered are the binomial theorem and test of association for contingency tables, 
The pièce de résistance of the book is chapter 8, entitled ‘Multivariate Analysis’. Itis the longest 
chapter, for the author feels that this is a topie about which psychologists will need to know a 
good deal in futuro. It begins with an introductory account of matrices, determinants and vector 
algebra. Matrix notation is then used to show how the univariate normal distribution generalizes 
into the multivariate normal. Next, multiple regression is presented in matrix terminology and 
several fairly well known multivariate tests of significance are given. These include the large 
sample test for the significance of a correlation matrix; a test for the difference between two 
variance-covariance matrices, and Hotelling's test for the difference. between two vectors of 
means. Tho chapter ends with a brief account of principal component analysis, but reference to 
the more difficult topic of factor analysis is omitted. 

A selection of exercises for students is added at the end of the text, and this is followed by 33 
Pages of statistical tables which include tables of the Studentized Range (needed for multiple 
Comparison tests), in addition to the more usual ones. f 

The reviewer has mixed feelings about this book. There is no doubt that an ‘intermediate * 
textbook on statistics for psychologists is needed, but the range of difficulty in this book varies 
too much. The chapters on analysis of variance tend to be sketchy and too elementary while the 
Chapter on multivariate analysis is too condensed to serve as an introduction to the subject. 

"he book should prove st imulating to teachers, but only the more industrious students are likely 


to benefit from it. A. E. MAXWELL 


Psychodiagnostic Testing: an Empirical Approach. By MoLLY HARROWER. Spring- 
field, Illinois: C. C. Thomas. 1965. Pp. 90. $4.75. 


In Part I, Professor Harrower asks four questions: 1. Is time in treatment related to success 
ag assessed by the therapist? 2. Is age related to such ‘success’? 3. Is sex related to such 
4 eCosg y 4. Is type of psychotherapy related to such ‘success’? She answers 1 and 4 


affirma- 
Vely and 2 and 3 negatively. Only the first of these conclusions is Justifiable (leaving aside 
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some grave sampling problems) and this, of course, has very limited value. Even a psycho- 
therapist might be forgiven for showing greater resistance to admitting failure after two years 
than two months. 

We cannot be sure that classical analysts are better satisfied with their results because they are 
doing classical analysis, since the relation between outcome and length of treatment within type 
of therapy was not examined. The same applies to age and sex. Multivariate analysis seems 
necessary for studies of this nature. 

In Part II, Prof. Harrower develops from test signs a homogeneous (low inter-test vari- 
ability) and a heterogeneous (high variability) scale of personality endowment. In Part III. 
both scales are shown to be somewhat more significantly related to the therapists’ assessment 
of outcome than is length of treatment: and multiple correlations are somewhat higher still, 
being 0-580 and 0-457 respectively. When, however, with a small subsample, each scale is 
related to outcome with therapist, method and time in treatment held constant (and the statistic 
is caleulated), the association is not significant in either case. Furthermore, it would appear 
from charts 1 and II on pages 51 and 32 that there is an association, significant well beyond the 
0-196 level of confidence, between good Personality Endowment and selection for Classical 
Analysis rather than Brief Therapy. The upshot seems likely to be that if you have Very Superior 
Personality Endowment and are without problems, your psychothera pist will bably elect 
to give you a Classical Analysis. This will probably last longer than € 1 m A 75 dh y ae jeotad 
forms of treatment; but, at the end of this protracted eath wure > ies e : 3 "kely 
bà well piesa. : ent, your analyst will most 15 

Despite this somewhat inglorious conclusion, Prof. Harrower is surely right to develop test 
scales and to relate them to psychotherapeutic outcome. It i get f at the 
inadequacies of such studies than to carry out one that e t i much pamer to scof es For 
the achievement of this ultimate goal it is probably better "» h a: pin oi a mem than 
never to have tried at all. What we have gained is a gr hi eia tried and partially lost el 
be it in psychotherapy or behaviour therapy studies Es Ket a m of the need to conm m 

*mental health potential". , some such variable as Prof. Harrower Cat? 
In Part rv, this ‘mental health ontial! is rı j ; 
Wise: learn ea Gian "sspe ir deer to success in the Unitarian ministry n ® 

ges were used to assess ‘success’: 
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Educational Psychology. By Donatp R N 
. NALD IRE 7 P: 
Pp. vii + 120. 12s. y . GREEN. New Jersey: rentice-Hall. 1964. 


introductory course. Furtherm hi 
i . ore, the i : 
relevant to his particular studies. , student is able to select just those topics W didi 


he material is woll organize ji- 
, E Concepts discussed include inte 
techniques and educational method. Cha; ; meaning, set, attitude, motivation instruction? 
characteristics only, but also tho £ pters are devoted to the cor id i i t of studo” 
is transfer of pec This se of teachers. The linking then: 1 cic ema the k 
mere use of the ——À ue: f iM is SEE Ih midi i broad an gei, qnt oin 
"The book is written enlite fron rg in another study is eatisidared her at oF i 
the effect of racial segre, siis P © American standpoint and incl d Diberurangros. ], such as 
tees xs gregation of schools, which is quite i ndosaore netiis + gal 
. argument is well supported b irrelevant to the British educ? 


is a short, but useful, bibliograph: "as findings, again entirely American. T 
graphy and index. y 


tbe 


por? 
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The balance of the text, however, might well be questioned. Only, ane a - d 
exceptional children and but part of that to the slower learners. No ee 
tioned, nor are the specific needs of the various age-groups. Creativity ia eiv "a E . 
but the role of interest, as a motivational factor in learning, is almost overlooked. 


3 sachinge 
ë i 5 z «lee i ^ teachers and of teaching 
"he 5 i Mk o»*yceholozieal knowledge in the € S eM " Gs 
The author complains of lack of psy venera m Ha Winsted Stakes 
*Xpert is; - 


in the psychologists. Even if we are to assume that this RT epe e 
9f America, which seems doubtful, we certainly cannot generalize in t <> M: pre; i ali 
in this country. His criticism that student teachers are taught a pront c s en ee 
but that very lit tle of their time is given to the study of actual teaching techniques, 
echoed by head teachers here. ; : : — — 
This is perhaps not one of the best volumes in this series, Howay ^ etienne yee ce 
it may well prove useful in Colleges of Education and in postgrad : ye does poit 
amplification and discussion will be necessary if the student is not Ld 28 mis 
In courses for experienced teachers it could be the basis for some lively seminars. 4. WALBRIDG 


Psychology and Teaching. By H. S. N. MCFARLAND. 2nd ed. London: Harrap. 1965. 
Pp. 250. 12s. 6d. 


This is the second edition of the book first published in 1958. The n 
Y the inclusion of references in the text to recent educational re 
addition there is a new chapter on modern trends and problems. 

The book is intended for the student receiving his initial teacher training and covers the 
range of topics such as learning and thinking, individual differe 
development. in childhood and adolescence, backwardne 
There are chapters on aesthetic and technical education ; 
Views of man. 

The emphasis of the book is not so much on a sy: 
in educational psychology as on the discussion of in 
ing, assessment, adjustment, discipline—making reference to relevant psychol 
and investigations. It is thus in the nature of an introductory book aiming at p 
of ideas and tempting students to read further in educational and child psychology. There is a 
useful bibliography at the end with selected books indicated which would prove ‘a moderately 
easy next step’ into various topics. The presentati " 


c : ation is clear and readable and the young teacher 
is not likely to feel overtaxed with theory and technicalities. 


However, since some students will not be tempted further, 
detail about some topics. For example, young teache 
guide their observation and thinking about developme ; they need 
more than is provided about the processes of learning and thinki i 
The new chapter on modern trends and problems cont 
inquiry which could usefully have been expanded. T! 
Piagot's work, a diseussion of recent ideas about learning and intelli 


ew edition has been revised 
sports and new legislation. In 


usual 
nees in ability and personality, 
55, delinqueney and mental health. 
md one each on social and biological 


stematie exposition of researches and ideas 
aportant practical issues in teaching—learn- 
Ogical concepts 
roviding a basis 


This book is scarcely sufficient as a basic text for courses in teacher training and would need 


sources. It does, however, provide a readable intro- 
uction to a wide range of topics and would be useful reading for stude 


nts in their initial training 
Or as preliminary reading for teachers taking advanced courses in education who need a gentle 
int; 


Toduction to fields they will have to explore more thoroughly. RONALD GULLIFORD 


Brit. J. Psychol. (1965), 56, 4, pp. 502-512 
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